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Chapter  I 

FLIGHT  PERPORH AHC2  ADTISOHT  STSTEHS 
For  many  years,  HA DC  has  been  concerned  vith  developing 
technologies  to  enhance  the  perfcraance  of  Haval  aircraft  in 
all  phases  of  flight  by  improving  hardware  and  capabilities. 
One  cf  their  aost  current  and  urgent  efforts  is  the  improve¬ 
ment  of  fuel  consumption  characteristics  for  Haval  aircraft. 
Specifically,  there  are  sir  aircraft  that  represent  the 
greatest  percentage  of  fuel  con  summed.  They  are  the  P-4, 
P-3,  A -6 ,  A-7 ,  A- 4  and  the  F-14.  some  of  the  methods  con¬ 
sidered  to  improve  the  fuel  consumption  characteristics  of 
these  aircraft  include  engine  modifications,  changing  opera¬ 
tional  characteristics,  and  the  design  of  computer  software 
that  assists  the  pilot  in  determining  the  most  efficient 
fuel  consumption  profile  to  fly  at  any  given  moment  during  a 
flight. 

The  design  of  fuel  efficiency  software  falls  within  a 
classification  called  Flight  Performance  Advisory  Systems 
(FPAS) .  Since  the  hardware/software  on-board  capabilities 
of  mcst  military  aircraft  are  committed  to  operational  con¬ 
siderations,  handheld  programmable  calculators  have  been 
pressed  into  service  in  the  cockpit  to  provide  easily  acces¬ 
sible  flight  performance  parameters. 
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1. 1  SASSSiSSMS 

NADC  has  set  a  goal  to  reduce  fuel  consuiption  in  Naval  air¬ 
craft  by  five  percent  through  the  application  of  advanced 
technologies.  The  activation  for  such  a  goal  is  obvious: 
the  1973  oil  embargo  by  Arab  nations  and  subsequent  inci¬ 
dents  sent  the  cost  of  fuel  skyrocketing  and  has  reduced 
supplies  on  more  than  one  occassion.  Methods  must  be  found 
to  minimize  reliance  on  foreign  sources  by  reducing  fuel 
consumption  rates  without  affecting  training  and  operational 
capability . 

Opportunities  exist  in  the  operational  profile  of  any 
aircraft  to  reduce  fuel  consumption  rates  by  providing  the 
pilot  with  a  method  of  determining  optimal  configurations 
for  maximum  range  and  maximum  endurance.  Currently,  the 
only  information  available  to  pilots  exists  in  the  NATOPS 
Manuals.  This  information,  however,  is  very  limited  in 
utility  because  of  the  bulk  of  material  and  its  complexity. 
The  use  of  information  in  NATOPS  is  generally  limited  to 
ready-room  research,  a  practice  hardly  condusive  to  enhance¬ 
ment  of  real-time  performance. 

1.1.1  Handheld  Programmable  ca Iculators 

Inexpensive  calculators  have  been  available  in  the  OS  market 
now  for  10  to  15  years.  The  most  recent  additions  to  this 
market  are  programmable  calculators,  those  capable  of  taking 
a  set  of  input  parameters  and  computing  a  numerical  response 
with  an  infinite  variety  and  complexity  of  equations. 
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By  manipulating  the  data  in  the  NATOPS  Manual,  equations 
can  te  programed  to  return  answers  to  such  questions  as 
what  is  the  correct  airspeed  to  fly  max  range  corrected  for 
temperature,  altitude  ana  winds. 

NADC  used  the  most  current  ideas  in  the  design  of  such 
progzaas  by  formulating  a  code  for  the  A-7»  to  be  used  with 
the  HP-4 1CV,  an  advanced  technology  calculator  aanufactured 
by  Hewlett-Packard.  This  program  served  as  a  prototype  for 
the  efforts  which  were  sponsored  by  NADC  at  the  Naval  Post¬ 
graduate  School. 

1-1.2  P?A?  Program  Designs 

AE3001,  Aircraft  Energy  Conservation,  is  a  course  offered  by 
the  Aeronautical  Engineering  Department  at  the  Naval  Post¬ 
graduate  School  at  least  once  each  year  to  interested  stu¬ 
dents.  Hhen  offered  in  the  Summer  Quarter,  1981,  NADC  spon¬ 
sored  the  use  of  the  HP-41CV  calculator  to  participating 
students  who  agreed  to  design  programs  for  their  aircraft. 
Primary  emphasis  was  placed  on  programs  for  the  six  major 
fuel  consuming  aircraft  previously  mentioned,  but  program 
designs  for  ether  aircraft  were  given  consideration  as  well. 

Few  restrictions  were  placed  cn  the  design  of  these  pro¬ 
grams.  The  A-7  code  designed  by  NADC  was  made  available  as 
a  reference,  and  lecture  material  provided  background  on  the 

*  The  work  which  lead  to  the  development  of  this  program  was 
originally  performed  by  officers/engineers  attached  to  A-7 
sguadrons  at  NAS  Lemoore.  Their  intent  was  to  use  regres¬ 
sion  analysis  on  NATOPS  data  to  devise  simple  equations 
that  could  be  used  in  a  programmable  calculator  to  provide 
pilots  with  mission  planning  data. 
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need  for  programs.  N ADC  hoped  to  learn  what  fleet  experi¬ 
enced  awiators  really  wanted  to  see  in  the  cockpit,  thereby 
avoiding  needless  duplication  of  effort  and  the  presentation 
of  parameters  of  liaited  utility. 

Aircraft  for  which  final  code  were  submitted  include  the 
F-14,  S-3,  SH-3,  A-6 ,  EA-6B,  E-2B,  E-2C,  A-4,  and  the  F-4. 

This  author  designed  the  prograa  for  the  E-2C. 

1.2  is  $  sziszis^nsi  ms 

The  calculator  code  developed  for  the  B-2C  was  designed  pri¬ 
marily  using  information  available  in  Chapter  11  of  the  E-2C 
NATOFS  Manual.  There  are  at  least  two  reasons  for  this. 

1.  Information  available  from  the  manufacturer  is  gener¬ 
ally  not  available  in  a  convenient  format  or  is 
closely  held  as  proprietary. 

2.  The  NATOPS  Manual  is,  very  simply,  supposed  to  be  the 
final  word  for  aviators  needing  to  know  information 
about  their  aircraft.  Other  sources  cannot  be  relied 
upon  unless  officially  sanctioned.  Host  of  that  ma¬ 
terial  is  generally  not  available  in  a  squadron. 

The  original  E-2C  program  was  designed  to  provide  the  pi¬ 
lot  with  max  range  and  max  endurance  airspeeds  to  fly  for 
any  given  set  of  input  parameters  read  from  cockpit  instru¬ 
ments  during  flight.  Equations  were  devised  by  using  re¬ 
gression  analysis  on  specific  range  charts  for  the  clean  and 
10  degrees  flaps  configurations.  Corrections  applied  for 
altitude,  temperature  and  winds  at  altitude  adjusted  the  ca¬ 
librated  airspeed  to  an  appropriate  indicated  airspeed. 
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Cruise  ceiling,  the  optimal  altitude  for  max  range  flight, 
was  also  computed. 

Parameters  needed  by  the  program  are  requested  in  an  in¬ 
teractive  manner  by  the  calculator,  which  is  capable  of  dis¬ 
playing  words  as  well  as  numbers.  Elapsed  time  from  input 
of  the  last  cf  five  requested  input  parameters  to  output  of 
the  indicated  airspeed  to  fly  is  less  than  30  seconds.  Fuel 
flow  and  indicated  shaft  horsepower  to  fly  the  indi'  ted 
airspeed  are  also  computed  and  presented  at  the  end  c  the 
program.  Additionally,  a  data  algorithm  allowed  the  ot 
to  compute  fuel,  time  and  distance  to  go  for  a  given  a  .it 
of  fuel  on  board.  Climb  and  descent  information  is  not  com¬ 
puted  by  the  program. 

The  program  and  report  for  the  E-2C  code  were  submitted 
to  the  instructor  and  NADC  at  the  end  of  the  quarter  with  a 
short  presentation  by  each  student.  Two  engineers  from  madc 
listened  to  each  presentation  and  pressed  for  additional  in¬ 
formation.  One  conclusion  reached  by  virtually  all  students 
and  conveyed  to  NADC,  however,  was  that  the  opportunities 
for  ship  based  aircraft  to  use  a  calculator  that  computes 
max  range  and  max  endurance  parameters  is  probably  limited. 
An  F-14  looks  like  an  E-2  looks  like  an  S-3  in  that  each 
aircraft  generally  flies  mission  profiles  that  do  not  allow 
use  cf  fuel  efficiency  codes.  Only  those  short  periods  of 
time  during  transits  to  or  from  station,  or  during  holding 
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in  marshall,  will  any  of  these  aircraft  need  max  range  or 
max  endurance  information.  A  concern  was  also  expressed  re¬ 
garding  the  use  of  a  device  in  a  single  seat  aircraft  that 
requires  the  pilot  to  divert  attention  away  from  outside  the 
aircraft. 2 

1. 2.  1  Continuation  of  t£e  E-2C  PPAS 

Early  in  October,  1981,  the  E- 2C  PPAS  calculator  was  taken 
on  a  flight  by  an  instructor  at  RVAW-11 0,  the  E-2B/E-2C 
fleet  Replacement  Training  Squadron  for  the  Nest  Coast  at 
NAS  Biramar.  The  original  intent  of  the  flight  was  to  det¬ 
ermine  if  selected  output  parameters  matched  the  performance 
of  the  aircraft.  Before  such  a  determination  could  be  made, 
however,  the  energy  field3  created  by  passage  of  the  main 
beam  of  the  radar  over  the  cockpit  rendered  the  calculator 
unusable.  It  was  later  determined  that  all  program  flags 
were  set  by  the  energy  field.  One  of  those  flags  turns  the 
calculator  off.  Operation  was  restored  after  the  flight  by 
reseating  the  batteries.  No  damage  occured  to  the  calcula¬ 
tor  cr  memory,  and  loaded  programs  remained  intact.  SOB 
chips  installed  in  the  calculator  were  not  affected,  either. 

2  Additionally,  the  calculator  could  not  be  of  any  benefit 
during  low  level  navigation  or  formation  flying  because  of 
the  external  concentration  required.  Calculators  for 
fighter  and  attack  aircraft  will  probably  gam  greatest 
acceptance  as  a  ready  room  mission  planning  aid. 

3  Grumman  engineers  have  assured  E-2  flight  crew  that  the 
microwave  energy  field  that  sweeps  through  the  cockpit  is 
not  a  health  hazard.  The  transitory  nature  of  the  beam 
results  in  radiation  levels  less  than  specified  by  stan¬ 
dards. 
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Oaring  these  tests,  several  aviators  in  the  squadron  be* 
came  interested  in  the  effort  and  suggested  several  other 
ways  a  calculator  could  be  used.  Many  of  those  ideas  cen¬ 
tered  around  safety  of  flight  information  such  as  determina¬ 
tion  of  BINGO  fuel  required  data,  cross  wind  landing  limita¬ 
tions,  and  calculation  of  refusal  speed  for  takeoff. 

1.2.2  Piiscitfl  siaJlag 

During  subsequent  months,  several  ideas  were  generated  to 
cope  with  informally  defined  problems  with  the  E-2C  FPAS. 
But  no  effort  could  be  made  without  a  formal  work  structure. 
Professor  A. E.  Fuhs,  who  conducted  the  AE3001  course  during 
the  Summer  1981  Quarter,  consented  to  sponsor  further  work 
regarding  the  E-2C  program.  NADC  also  provided  sponsorship 
and  assistance.  Drawing  upon  several  ideas  generated  bet¬ 
ween  September  1981  and  the  beginning  of  the  Spring  1982 
Quarter,  the  following  research  items  were  agreed  upon  as  a 
format  for  a  one-time  AE4900,  Directed  Studies  in  Aeronauti¬ 
cal  Engineering. 

1.2.  2.1  E-2C/HP— 41CV  FPAS  Continoation 

Work  was  to  be  resumed  on  the  3-2C  program  to  redefine  pro¬ 
gram  objectives.  Primarily,  the  code  was  to  be  simplified 
by  eliminating  the  10  degrees  of  flaps  information,  adding  a 
descent  profile,  and  possibly  eliminating  unneeded  or  unre¬ 
liable  parameters  such  as  fuel  flow  and  horsepower  readouts. 
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1.2.  2.2  IB  I  Effects  on  the  *P-41CT 

Electromagnetic  interference  effects  required  several  sisple 
aethcds  of  protecting  the  HP-41 CV  froe  the  energy  field  in 
cockpit.  Possible  aethods  include  foil  shielding,  a  aetal 
keyboard  aask,  and  metal-laminat ed  transparent  bags. 

1.2. 2.3  E-2B  and  021  TP  AS  Pro  grass 

Since  the  flight  characteristics  of  each  of  the  three  air¬ 
craft  are  siailar,  efforts  to  design  standardized  progress 
for  each  aircraft  would  be  relatively  simple.  The  E-2B  pro¬ 
gram  could  rely  on  equations  already  developed  by  another 
student.  The  C-2A  program  would  have  to  rely  on  development 
of  equations  patterned  after  the  work  on  the  S-2C. 

1.2.  2. 4  Safety  of  Plight  Programs 

The  cne  program  most  E-2  aviators  considered  most  useful  is 
quick  and  reliable  access  to  BINGO  fuel  required.  Again, 
design  of  a  program  for  the  E-2C  would  provide  a  guideline 
for  programs  for  the  other  two  aircraft. 

1. 2.2.5  Examination  of  Other  Calculators 

Since  it  appeared  the  HP-4  lev  might  have  difficulties  coping 
with  the  E-2  environment,  the  possibility  of  using  other 
types  of  advanced  technology  calculators  or  pocket  sized 
computers  was  considered.  This  idea  did  not  work  out,  how¬ 
ever,  due  to  lack  of  funding. 


Chapter  II 
T2CHHIC&L  DISCtJSSIOH 

Prior  to  discussing  the  programs,  an  understanding  of  the 
hardware  and  aethodologies  is  necessary.  is  aentioned  pre¬ 
viously,  handheld  programmable  calculators  are  available 
that  will  perfora  a  variety  of  coaputations  in  an  interac¬ 
tive  Banner.  Since  aany  types  of  calculators  can  be  used 
for  any  given  situation,  a  full  explanation  of  why  the 
HP-4  ICY  is  used  for  the  PPAS  prograa  is  in  order. 

A  short  discussion  of  regression  analysis  is  also  includ¬ 
ed  to  faailiarize  the  reader  with  the  aethodology  used  to 
obtain  equations  for  use  in  the  PPAS  prograas. 

2.1  IB£  HP-41  CY 

Handheld  prograaaable  calulators  go  far  beyond  the  reala  of 
"four-bangers",  those  calculators  that  perfora  siaple  addi¬ 
tion,  subtraction,  aaltiplication  and  division.  One  step 
beyond  that  capability  includes  calculators  with  at  least 
one  aeaory  for  teaporary,  volatile4  storage  of  nuabers  used 
in  a  hand-fed  coaputation  sequence. 

Prograaaable  calculators  include  those  with  aore  than  one 
aeaory  location,  each  of  which  can  be  accessed  by  a  sequenc¬ 
ing  operation  that  "reads"  an  instruction  and  perforas  a  de¬ 
sired  operation,  then  aoves  on  to  the  next  instruction.  Ob- 

4  Volatile  generally  aeans  that  any  data  stored  in  aeaory 
will  be  lost  when  power  to  the  calculator  is  turned  off. 
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viously,  these  calculators  are  tore  coaplicated  to  learn  to 
use,  but  certainly  not  iapossible.  Various  predefined 
aafheaatical  operations  are  also  included  such  as  sine,  co¬ 
sine,  tangent,  log,  etc. 

Prior  to  the  HP-41,  prograasable  calculators  were  strict¬ 
ly  "nuaber  crunchers".  The  user  had  to  know  where  the  cal¬ 
culator's  progras  was  operating  in  order  to  interpret  a  nua- 
erical  output.  Peripheral  printers  aided  the  effort, 
however,  by  providing  a  li sited  interactive,  word  presenta¬ 
tion  capability.  The  TI-59  is  probably  the  best  exaaple  of 
this  type  of  calculator.  Soae  Tl-59' s  have  been  used  for 
FP AS  programs,  notably  one  for  the  AV-8  Harrier.  h  special 
Bask  is  used  to  identify  redefined  key  functions,  k  special 
ROH  chip,  designed  especially  for  the  Harrier,  Bakes  the 
prograB  non-volatile. 

2.1.1  saais  caaiflssa 

The  HP- 41  iaproves  prograaaable  capability  considerably. 
Hewlett-Packard  originally  issued  this  calculator  as  the 
HP-4 ic,  but  later  responded  to  aarket  pressure  with  the 
HP-4 1CV.  The  two  calculators  are  identical  except  for  the 
saaller  initial  aeaory  size  of  the  "C"  aodel.  The  "CV"  has 
approximately  2. 2K  of  5JU1,*  or  319  registers.  Each  key 


9  Randoa  Access  Meaory  (RAH)  refers  to  aeaory  in  a  ccaputer 
that  is  used  to  perfora  transitory  operations  and  store 
instructions  and  data  teaporarily.  Read  Only  Beaory  (ROH) 
is  not  accessible  to  the  user,  bob  generally  contains  aa- 
chine  dedicated  code  for  use  by  the  processing  unit.  ROB 
aay  also  be  used  to  peraanently  store  prograa  code  in 
non-volatile  aeaory. 


11 

represents  three  or  four  functions,  depending  on  the  node 
selected.  Variables  are  stored  in  registers  and  are  either 
stored  or  recalled  by  program  code.  The  ALPHA  mode  is  used 
to  define  alpha-numeric  titles  or  labels  that  access  certain 
information  or  spell  out  interactive  wording  to  which  the 
user  responds.  The  prograa  node,  PRGH  on  the  calculator, 
allows  the  user  to  enter  code  for  later  execution.  Keys  can 
be  assigned  prograa  accessing  functions  so  that  execution 
can  he  initiated  easily  when  in  the  OSES  node. 

The  calculator's  arithmetic  operations  are  conducted  in 
Reverse  Polish  Notation.  RPN  eliminates  the  need  for  com¬ 
plicated,  parenthetically  nested  equations.  Although  diffe¬ 
rent  from  the  method  of  operating  a  standard  calculator,  its 
use  can  be  learned  in  a  few  short  steps. 

Occuaentation  for  the  calculator  is  better  than  average 
and  contains  few  ambiguities.  An  interested  user  can  learn 
enough  about  the  calculator  to  perform  relatively  sophisti¬ 
cated  programming  in  about  one  day.  Osage  of  the  FPAS  pro¬ 
grams  requires  no  special  knowledge  about  the  calculator  and 
can  be  briefed  in  less  than  15  ainutes. 

Pigure  1,  reproduced  by  permission  from  Hewlett-Packard, 
shows  the  calculator  keyboard  layout  and  najor  functions. 
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Pressing  a  key  executes  the  function  shown  ^ 
on  (he  face  *H'  tha(  cev 


8  pressed  before  inocher  key  executes  the 
function  shown  above  that  key 

ufl!  lexevutc)  is  used  to  execute  functions., 
uiHi  programs  from  the  display  To  execute 
and  tanoard  I  unction .  or  a  program  (hat  is 
stored  in  .'0>gram  memory, 
i  Press  ^ioi 

Z.  Press  y***}  ana  (he  program  or  function 
name  Press 

The  named  function  or  program  will  be  exe¬ 
cuted.  If  the  function  expects  parameters, 
then  (he  calculator  prompts  for  them. 


r%  ra  n  ra  ra 

ICJ-LJ  KJ  tJ  HJ 

JS6R 


m  lists  the  contents  of  (be  function  and  — — 
program  catalogs  Catalog  1  is  the  user  cata¬ 
log  and  it  contains  the  global  (ALPHA) 
labels  and  END  instructions  of  programs 
stored  in  program  memory  The  catalog  is 
positioned  in  memory  to  (he  displayed  pro¬ 
gram  labels  during  (he  listing  of  catalog  I . 
Catalog  Z  lists  ail  (unctions  contained  in  cur¬ 
rently  plugged-tn  application  modules  and 
peripherals.  Catalog  3  lists  all  standard 
HP-dlC  functions.  Press  any  key  (other  than 
ft*)  >r  i«/«i )  to  slow  the  listing  down.  Press 
CT:  jnd  any  other  key  to  terminate  a  running 
listing  Press  (o  stop  the  listing  (use 

(55  ami  3D  to  step  through  the  catalog 
manually) 

Deletes  .he  right-most  digit  during  digit  or  — 
parameter  cnirv  If  digit  entry  has  been 
terminated,  ctears  entire  displayed  X- 
rego  er  \ls»»  clears  messages  from  the  dis¬ 
play  Prr>s  ®LSt£j  to  clear  the  displayed 
\-rcc.Mcr  »s  hcW  down  while  HP-4 1 C 

nimed  on.  diies  master  clear. 

Figure 


SB  S  &  £3  JS& 


Views  the  contents  of  any  reyivter  Mthou 
disturbing  the  stack .  To  clear  viewed  data  and 
return  to  the  contents  of  the  X  reyivter  pres- 

<3 


The  HP-4 1C? 


Courtesy  of  Hewlett-Packard  Co. 

2.1.2  jeaiMiai 

Hewlett-Packard  recently  introduced  ROB  aodules  which  can  be 
plugged  into  HP-41C?  I/O  ports  to  expand  the  aeeory  storage 
capability.  The  calculator  used  in  this  research  was  sup¬ 


plied  with  one  Extended  Functions  aodule  and  two  Extended 
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aeaory  aodules.  The  Extended  Functions  nodule  increases  the 
nuaber  of  coanands  that  can  be  accessed  directly  by  the  user 
or  by  prograa  code.  Executable  sizing  functions  can  be  used 
to  repartition  register  allocations  for  different  prograas. 

The  Extended  aeaory  nodules  are  used  to  store  prograa 
code  not  currently  in  use  in  aai n  nenory.  Only  prograas  in 
the  aain  aeaory  of  the  calculator  can  be  operated.  The  Ex¬ 
tended  Henory  aodules  can  be  considered  siailar  to  dish 
drives  on  a  aicrocoaputer  for  a  ass  storage  of  prograas  and 
data.  The  prograas  are  accessed  and  loaded  into  aain  aeaory 
when  called. 

Early  on  in  the  design  of  the  PPAS  prograas  at  NPS,  aost 
prograa  designers  realized  that  the  aain  aeaory  ( 2.2KB  SAM) 
was  not  sufficient  to  handle  prograas  without  the  use  of 
either  two  calculators  to  perfora  different  sections  or  coa- 
pronise  of  the  accuracy.  For  the  E-2  and  02  prograas  de¬ 
signed  for  this  project,  a  control  prograa  is  resident  in 
aain  aeaory  that  calls  the  desired  prograa  froa  Extended  Ne- 
aory,  repartitions  the  register  space  as  required,  and  plac¬ 
es  the  prograa  into  aain  aeaory  for  operation  by  the  user. 
When  a  different  prograa  is  needed,  the  current  aain  aeaory 
prograa  is  erased,  and  the  nev  one  loaded.  The  Extended  He- 
aory  aodules  function  essentially  lihe  BOR  chips;  loaded 
prograas  reaain  intact,  even  when  accessed  by  the  aain  aeao¬ 
ry  prograa.  Fortunately,  however,  the  prograas  can  be  nodi- 
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fled  when  required  by  altering  the  main  memory  prograa  and 
writing  over  the  prograa  stored  in  Bxtended  Memory. 

The  Bxtended  Heaory  progress  loaded  £or  each  of  the  three 
prograas  written  for  this  project  include  the  FPAS,  a  BINGO 
program,  and  a  CROSSWIND  LIMITATIONS  prograa.  The  code  for 
each  prograa  has  been  "tightened"  sufficiently  to  allow  the 
addition  of  two  or  three  small  programs  in  the  future.* 

2.2  BBGBBSS10B  ANALYSIS 

Regression  analysis  allows  researchers  to  take  a  given  set 
of  data  with  an  apparent  functional  relationship  and  devise 
an  equation  that  will  describe  that  relationship.  The  equa¬ 
tion  approximates  the  data  for  any  given  independent  varia¬ 
ble  by  determining  coefficients  for  a  selected  equation 
form.  For  instance,  one  sight  assume  a  first  order  rela¬ 
tionship  for  data  of  a  form  such  as  y  *  a  ♦  bx;  x  is  the  in¬ 
dependent  variable  and  a  and  b  are  the  coefficients  deter¬ 
mined  by  the  regression  analysis.  y  is  the  dependent 
variable  which  approximates  the  desired  value.  With  regres¬ 
sion  analysis,  a  set  of  x  and  y  value  pairs  are  known  and 
the  a  and  fc  coefficients  are  determined.  Differences  bet¬ 
ween  the  approximated  values  of  y  and  the  actual  value  is 
the  residual.  Any  regression  routine  will  seek  to  minimize 
the  residual. 

*  The  Extended  Functions  module  and  two  Bxtended  Memory  mo¬ 
dules  add  about  4KB  of  memory  to  the  HP-41CV  for  a  total 
of  6.2KB.  The  current  setup  of  programs  for  the  B-2C 
leaves  109  registers  available  in  Bxtended  Memory  for  fu¬ 
ture  programs. 

\ 
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Regression  analysis  often  requires  the  consideration  of 
two  or  sore  independent  variables,  a  process  called  aultiple 
linear  regression.  The  equations  devised  for  the  E-2/C-2 
FP  AS  programs  required  use  of  aultiple  variables.  For  ins¬ 
tance,  the  calibrated  airspeed  to  define  no- wind,  aaz  range 
values  is  a  function  of  aircraft  gross  weight  (GW)  and  pres¬ 
sure  altitude  (PA).  The  Minitab  prograa,  resident  on  the 
IBM370/3033  at  the  Haval  Postgraduate  School,  was  used  to 
fornulate  appropriate  equations. 

Siapler  relationships  involving  one  variable  or  easily 
recoginized  functional  relationship  patterns  were  regressed 
using  a  curve  fitting  prcgras  on  the  HP-4  lev. 


Chapter  III 

THE  B-2C/HP-41CV  PROGRAMS 


Since  the  E-2C  program  was  used  as  the  control  prograa  to 
devise  codes  for  the  other  two  aircraft,  a  more  complete  de¬ 
scription  of  these  codes  will  be  presented  here.  Flowcharts 
and  a  listing  of  program  code  are  presented  after  each  de¬ 
scription  rather  than  in  separate  appendices  to  avoid  confu¬ 
sion. 


3.1  SB!  E-2C  FPAS  PROG  RAH 

The  E-2C  Flight  Performace  Advisory  Program  is  called  by  the 
main  memory  accessing  program  from  Extended  Memory  and  load¬ 
ed  into  main  memory  in  about  30  seconds.  The  flow  chart 
should  be  referenced  to  understand  the  theory  of  operation. 

3.1.1  Prggyfrj  Initiation 

Program  operation  is  initiated  by  pressing  the  START  key  at 
the  upper  left  comer  of  the  keyboard.7  The  prograa  will 
display  "••E-2C  FPAS**"  for  about  one  second,  then  proceed 
to  request  needed  information  with  the  following  displays: 

1.  "BASIC  IT  *  ?",  then 

2.  "CARGO  IT  »  ?",  then 

3.  "10.  CBEI  «  ?". 


7  Subsequently,  keys  will  be  referred  to  by  a  coded  position 
based  on  a  row/coluan  numbering  system.  The  START  key  is 
on  row  1,  column  1:  hence,  key  11.  There  are  8  rows  wi^h 
5  columns  m  the  first  three  rows,  and  4  columns  each  m 
lower  rows. 
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Each  label  will  stop  program  operation  until  the  user  res¬ 
ponds  by  Keying  in  the  appropriate  number.  Program  opera¬ 
tion  proceeds  to  the  next  label  when  Hun/Stop  (S/S:  Key  84) 
is  pressed  after  each  numerical  entry. 

Finally,  "PROFILE?"  is  displayed,  asKing  the  user  to  select 
one  cf  three  modes  of  operation:  RANGE,  ENDURANCE,  or 

DESCENT. 

3.1.2  babss 

Pressing  the  HANGE  Key  (12)  initiates  the  calculation  of 
maximum  range  indicated  airspeed  to  fly  corrected  for  alti¬ 
tude,  temperature  and  winds  at  altitude.  Upon  pressing  the 
Key,  "•*■11  HINGE*"  displays  as  an  echo  checK  verification 
of  the  selection,  followed  by: 

1.  "ALT  ■  FT?",  enter  current  altitude  from  the  altime¬ 
ter; 

2.  "OAT  *  C",  outside  air  temperature  in  degrees  centi¬ 
grade  (the  CHS  (change  sign)  Key  (42)  places  a  nega¬ 
tive  sign  in  front  of  a  number)  ; 

3.  "IAS  »  KTS?" ,  current  indicated  airspeed  in  Knots 
(this  number  is  used  to  correct  OAT  for  heating  ef¬ 
fects  on  the  temperature  probe) ; 

4.  "FUEL  *  LBS?",  total  fuel  weight  read  from  the  quan¬ 
tity  gages. 

Each  of  these  parameters  are  loaded  into  appropriate  regis¬ 
ters  for  later  access  by  the  program.  Temperature  deviation 
(TDEV)  ,  a  function  of  OAT  and  altitude  (PA),  is  then  calcu¬ 
lated  for  use  in  a  Cruise  Ceiling  (CC)  calculation,  a  func¬ 
tion  of  TDE7  and  Gross  Weight  (GW).  Sax  Range  Calibrated 
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Airspeed  (HRCAS) ,  from  the  NATO  PS  charts,  is  then  computed 
as  a  function  of  PA  and  GH. 

The  inverse  of  SQHT  sigma  (SSI)  is  calculated  and  stored 
for  use  in  later  true  airspeed  (TAS)  computations.  A  com¬ 
pressibility  correction  based  on  PA  and  CAS  is  also  comput¬ 
ed. 

Hinds  are  accounted  for  by  ashing  the  user  if  the  ground 
speed  is  available  (from  CAINS  or  TACAN  calculations).  Res¬ 
ponse  is  with  the  TES  or  NO  Keys,  (15)  or  (25).  The  label 
will  read  "GSf AVAIL?  T/N".  If  yes,  the  program  will  ask 
"GS  *  NTS?*;  enter  the  value  and  press  R/S.  If  no,  the  pro¬ 
gram  will  respond,  "INPOT  HINDS..";  the  dots  indicate  a  tem¬ 
porary  label  with  a  query  to  follow. 

1..  "HIND  DIR  *  ?",  enter  forecast  or  computed  winds  in 
degrees,  001  to  360; 

2.  "HIND  VEL  *  ?",  enter  forecast  or  computed  winds  in 
knots; 

3.  "A/C  HOG  »  ?",  enter  aircraft  heading  in  degrees,  001 
to  360. 

Headwind  calculations  are  a  function  of  TAS  based  indi¬ 
cated  airspeed  (TASi) .  After  determining  if  the  headwind  is 
positive  or  negative  (tailwind),  corrections  are  applied  to 
the  CAS  to  adjust  for  winds.  This  value  is  then  corrected 
for  compressibility  and  stored  for  later  display.  The  cal¬ 
culator  then  displays,  "*D ATA  READ!*". 
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3.  1 . 3  BIDOBANCB 

The  ENDURANCE  profile  functions  auch  the  same  way  as  the 
RANGE  profile.  Subroutine  AIOFG  again  asks  for  altitude, 
airspeed,  OAT,  and  fuel  weight,  then  calculates  gross 
weight.  Max  endurance  is  easily  calculated  as  a  function  of 
gross  weight  only.  Headwind  corrections,  obviously,  are  not 
perf  creed. 

Equivalent  (indicated) •  airspeed  and  true  airspeed  are 
then  calculated  and  stored  for  later  display. 

3.1.4  DESCENT 

The  EESCENT  profile  calculates  an  indicated  airspeed  to  fly 
a  max  range  descent  such  as  Bight  be  used  during  a  BINGO  to 
a  shcre  based  field.  Headwind  corrections  have  been  incor¬ 
porated  into  this  algoritha;  the  assumption  is  made,  howev¬ 
er,  that  the  RANGE  profile  has  been  run  at  least  once  prior 
to  DESCENT  so  that  an  approximate  headwind  correction  can  be 
applied. 

When  selected,  the  DESCENT  profile  initially  asks  for 
present  altitude,  then  fuel  wieght,  then  the  desired  level 
off  altitude.  Gross  weight  is  calculated  and  stored. 

Since  the  charts  in  the  NATOPS  aanual  show  a  weight  only 
dependency  above  10000  feet  and  a  weight  and  altitude  depen¬ 
dency  below  10000  feet,  the  prograa  deter lines  whether  pre¬ 
sent  altitude  is  above  or  below  10000  and  uses  the  correct 

•  Position  error  corrections  for  each  of  the  three  aircraft 
are  nealigible  and  not  coaputed.  Hence,  EAS  is  approxi- 
aately 'equal  to  IAS. 
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set  cf  equations  to  determine  the  CAS.  Headwind  corrections 


are  then  applied,  and  indicated  airspeed  is  calculated. 
Descent  distance,  the  distance  from  the  field  to  start  the 
descent,  is  calculated  as  a  function  of  present  altitude  and 
level-off  altitude. 

Stored  values  are  then  displayed  in  a  short  routine  that 
also  warns  the  user  to  increase  IAS  1  knot  per  1000  feet  be¬ 
low  10000  feet.  A  label  also  warns  the  pilot  to  use  500  SHP 
for  the  descent.  Readers  will  note  that  the  NATOPS  manual 
specifies  flight  idle.  The  500  SHP  value  was  chosen  because 
of  the  common  knowledge  ability  to  simulate  feathered  flight 
by  using  500  SHP.» 

3-1.5  DA  11 

The  DATA  algorithm  can  be  called  at  any  time  to  display  the 
values  calculated  for  the  latest  run  of  the  RANGE  or 
ENDURANCE  profiles.  The  DESCENT  profile  displays  its  own 
values  separately. 

If  the  RANGE  profile  was  the  most  recently  run  selection, 
the  DATA  algorithm  will  display  a  recommended  IAS  to  fly  max 
range, l°  followed  by  several  other  parameters  of  interest. 


•  The  exact  value  of  SHP  to  use  can  be  determined  in  flight 
in  the  following  manner.  At  a  given  altitude  with  one  en- 

?ine  feathered,  trim  the  aircraft  for  straight  and  level 
±ight  at  the  IAS  specified  for  max  range  descent  at  that 
weight  and  altitude.  Without  retrimming,  restart  the 
feathered  engine  and  adjust  its  power  setting  to  that  re¬ 
quired  to  duplicate  the  flight  conditions  previously  set 
for  feathered  flight.  Note' the  SHP  on  the  restarted  en¬ 
gine  and  use  this  value.  Several  aircraft  should  be  test¬ 
ed  in  this  manner  to  arrive  at  a  nominal  value. 

10  There  exist?  an  AOA  to  fly  max  r?nge  at  any  weight  (no 
wind  conditions).  Informal  tests  indicate  this  AOA  to  be 
about  16  units. 
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Each  value  may  be  observed  by  pressing  R/S  to  proceed  to  the 
next.  After  all  values  have  been  seen,  the  program  will  cy¬ 
cle  back  to  the  NRXAS  value  again. 

3. 1 . 6  E- 2C  FPAS  Flowcharts 

The  following  nine  pages  present  the  E-2C  FPAS  algorithm  in 
flowchart  format  for  a  conceptual  understanding  of  program 
operation.  Numbers  adjacent  to  function  blocks  refer  to 
line  numbers  in  the  FPAS  code  that  follows. 
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E-2C  FPi S/HP-41CT  Code  (June  198  2;  1/3) 


8 1 ♦LBL  -STF- 
02  CF  01 
03  CF  02 
04  CF  03 
05  CF  04 
06  CLRG 

07  -**E2C  FPAS**‘ 
08  AVIEH 
09  PSE 

10  ’BASIC  NT  =  ?* 

11  PROHPT 

12  STO  88 

13  -CARGO  HT  =  ?* 

14  PROHPT 

15  + 

16  STO  88 

17  "NO.  CREW  =  ?* 

18  PROHPT 

19  280 

20  * 

21  RCL  00 

22  + 

23  STO  08 

24  -PROFILE?' 

25  PROHPT 
26*LBL  B 

27  SF  01 

28  CF  92 

29  CF  83 

30  -**HOX  RANGE*' 

31  AVIEH 

32  PSE 

33  XEA  08 

34  RCL  03 

35  15 

36  - 

37  RCL  82 

38  198  E-5 

39  * 

40  + 

41  STO  85 

42  38 

43  RCL  05 

44 

45  -.0031 

46  * 

47  1 

48  + 

49  .705 

50  RCL  81 


51  * 

52  * 

53  CHS 

54  38 

55  RCL  05 

56  - 

57  78.67 

58  * 

59  + 

60  58488 

61  ♦ 

62  108 

63  / 

64  INT 

65  108 

66  * 

67  STO  06 

68  179.67 

69  RCL  82 
78  173  E-5 

71  * 

72  - 

73  RCL  91 

74  816  E-6 

75  ♦ 

76  + 

77  RCL  01 

78  Xt2 

79  RCL  02 

80  Xt2 

81  516  E-28 

82  * 

83  * 

34  ♦ 

85  RCL  92 
36  1  E-3 

87  * 

88  LN 

89  3.074 

90  * 

91  - 

92  STO  13 
93*LBL  01 

94  RCL  82 

95  -6875  E-9 

96  * 

97  1 

98  + 

99  5.2563 

100  YtX 


101 

STO  15 

182 

RCL  84 

103 

661.7 

104 

/ 

105 

Xt2 

106 

.2 

107 

* 

108 

1 

109 

+ 

118 

3.5 

111 

YtX 

112 

1 

113 

- 

114 

RCL  15 

115 

1/X 

116 

• 

117 

1 

118 

+ 

119 

.286 

120 

YtX 

121 

1 

122 

- 

123 

5 

124 

* 

125 

STO  88 

126 

.2 

127 

* 

128 

1 

129 

+ 

138 

1/X 

131 

RCL  83 

132 

* 

133 

STO  09 

134 

•vO 

1 

UJ 

S 

135 

* 

136 

RCL  82 

137 

1500 

138 

- 

139 

2112  E-8 

140 

* 

141 

f 

142 

EtX 

143 

.982 

144 

* 

145 

STO  18 

146 

FS?  01 

147 

GTO  03 

148 

GTO  10 

149*LBL  02 

150 

RCL  82 
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E-2C/FPIS  HP-41C7  Code  (June  198  2;  2/3) 


151  91  E-6 

201  - 

251  STO  81 

152  * 

202  STO  16 

252  RTN 

153  EtX 

203  RCL  12 

253*LBL  C 

154  1  E-7 

204M.BL  85 

254  SF  82 

155  * 

285  X<8? 

255  CF  81 

156  RCL  13 

206  GTO  87 

256  CF  83 

157  2.352 

287*LBL  06 

257  -**MAX  ENDUR*' 

158  m 

208  .5 

258  AVIEU 

159  * 

209  RCL  02 

259  PSE 

168  STO  87 

218  1  E-5 

260  XEQ  88 

161  RTN 

211  * 

261HBL  89 

162*LBL  03 

212  - 

262  65 

163  RCL  04 

213  RCL  12 

263  RCL  01 

164  RCL  10 

214  * 

264  125  E-5 

165  * 

215  RCL  13 

265  * 

166  STO  11 

216  + 

266  + 

167*LBL  84 

217  STO  13 

267  STO  13 

168  ‘GS, AVAIL?  Y/N- 

218  FS?  83 

268  GTO  81 

169  PROMPT 

219  GTO  13 

269*LBL  18 

170*LBL  E 

220  GTO  10 

270  XEQ  82 

171  "GS  =  KTS?" 

221*LBL  87 

271  RCL  13 

172  PROUPT 

222  .3 

272  RCL  07 

173  STO  16 

223  RCL  82 

273  - 

174  RCL  11 

224  5  E-6 

274  STO  14 

175  RCL  16 

225  * 

275  RCL  18 

176  - 

226  - 

276  * 

177  STO  12 

227  RCL  12 

277  STO  11 

178  GTO  85 

228  * 

278  BEEP 

179HBL  J 

229  RCL  13 

279  -*DOTA  READY*’ 

180  -INPUT  HINDS.." 

238  + 

288  PROMPT 

181  AVIEH 

231  STO  13 

281  GTO  F 

182  PSE 

232  FS?  83 

282*LBL  D 

183  -MINI  DIR  =  ?■ 

233  RTN 

283  SF  83 

184  PROUPT 

234  GTO  10 

284  CF  01 

185  STO  17 

235*L8L  08 

285  CF  02 

186  -KIND  VEL  =  ?* 

236  -ALT  =  FT?* 

286  "*NR  DESCENT** 

187  PROMPT 

237  PROMPT 

287  AVI EH 

188  STO  18 

238  X<0’ 

288  PSE 

189  -fl/C  HDG  *  ?■ 

239  10 

289  -ALT  =  FT?* 

190  PROMPT 

240  STO  02 

290  PROMPT 

191  STO  19 

241  -OAT  =  C?- 

291  STO  82 

192  RCL  17 

242  PROMPT 

292  -FUEL  =  LBS?’ 

193  - 

243  STO  03 

293  PROMPT 

194  KBS 

244  -IAS  =  KTS?’ 

294  RCL  00 

195  COS 

245  PROMPT 

295  ♦ 

1%  RCL  18 

246  STO  04 

296  STO  81 

197  * 

247  -FUEL  =  LBS?' 

297  -L/O  ALT  =  ?* 

198  STO  12 

248  PROMPT 

298  PROMPT 

199  RCL  11 

249  RCL  00 

299  STO  20 

200  RCL  12 

258  + 

300  18008 

1 


E-2C/FP1S  HP-41CT  Code  (June  198  2;  3/3) 


381 

RCL  82 

302 

x>y? 

303 

GTO  11 

384 

XEQ  16 

385 

RCL  82 

386 

.881 

307 

* 

388 

- 

389 

18 

318 

+ 

311 

GTO  12 

312KBL  11 

313 

XEQ  16 

314*LBL  12 

315 

STO  13 

316 

RCL  12 

317 

X>8? 

318 

GTO  86 

319 

XEQ  87 

320*LBL  13 

321  XEQ  82 

322  RCL  13 

323  RCL  87 

324  - 

325  STO  14 

326  .88233 

327  RCL  82 

328  RCL  28 

329  - 
338  * 

331  STO  20 
332*LBL  14 

333  FIX  8 

334  -»SHT,BIST=* 

335  ARCL  28 

336  PROMPT 

337  FS*>  84 

338  GTO  15 

339  ■  «  MOTE  *** 
348  AVIEM 

341  PSE 

342  -BELOM  18K  FT* 

343  AVIEM 

344  PSE 

345  *IHC  MR!  IAS- 

346  AVIEM 

347  PSE 

348  ‘I  KT/1808FT- 

349  AVIEM 
358  PSE 


351  SF  84 

352  -USE  588  SHP* 

353  AVIEM 

354  PSE 
355»LBL  15 
356  *HRD  IAS=" 

35?  ARCL  14 

358  PROMPT 

359  GTO  14 
3604.BL  16 

361  RCL  81 

362  32687  E-18 

363  * 

364  EtX 

365  138.4677 

366  * 

367  RTM 
368*LBL  F 
369  FIX  8 
378  FS?  01 

371  GTO  17 

372  FC?  81 

373  GTO  19 
374*LBL  1? 

375  -♦RCHD  HR  IAS- 

376  AVIEM 

377  PSE 

378  -*PRESEHT  ALT- 

379  AVIEM 
388  PSE 
381*LBL  18 

382  -*MR  IAS=" 

383  ARCL  14 

384  PROMPT 

385  -»MR  TA$=* 

386  ARCL  11 

387  PROMPT 

388  -*HM  =  * 

389  ARCL  12 
398  PROMPT 

391  -RCHB  CRS  CLG" 

392  AVIEM 

393  PSE 
3e'i  *CC  =  " 

395  ARCL  86 

396  PROMPT 

397  *GM  =  • 

398  ARCL  81 

399  PROMPT 

488  -UPBATE  e  38H* 


401  AVIEM 

402  PSE 
483  GTO  18 
484*LBL  19 

485  "+RCHB  HE  IAS- 

486  AVIEM 
48?  PSE 

488  '+PRESEHT  ALT- 

489  AVIEM 
418  PSE 
4ll»LBL  28 

412  -+ME  IftS=- 

413  ARCL  14 

414  PROMPT 

415  -GM  =  • 

416  ARCL  81 

417  PROMPT 

418  'UPDATE  e  30H’ 

419  AVIEM 
428  PSE 
421  GTO  20 
422*LBL  G 

423  CF  88 

424  CF  01 

425  Of  82 

426  CF  93 

427  CF  04 

428  FIX  4 

429  CLX 

430  .END. 
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3.  1 . 8  Triable  Locations  apd  Governing  Equations 
3.  1.8-1  Variable  Register  Locations 

The  following  variables  are  applicable  to  all  three  PPAS 
programs . 


BW 

- 

800 

(Basic  Height) 

GH 

- 

R01 

(Gross  Height) 

PA 

- 

R02 

(Pressure  Altitude) 

OAT 

- 

H03 

(Outside  Air  Temp) 

IAS 

- 

R04 

(Indicated  Airspeed) 

TDEV 

- 

R05 

(Temp  Deviation) 

CC 

- 

R06 

(Cruise  Ceiling) 

DVC 

- 

R07 

(Delta  Vc;  Compressibility  Correction) 

H2 

- 

R08 

(Hach  Number  Squared) 

TA 

- 

R09 

(Ambient  Temperature) 

SSI 

- 

R10 

(SQRT  Sigma  Inverse) 

TAS 

- 

R  1 1 

(True  Airspeed) 

HH 

- 

R12 

(Headwind) 

CAS 

- 

R 13 

(Calibrated  Airspeed) 

EAS 

- 

R  14 

(Equivalent  Airspeed) 

GS 

- 

H 16 

(Groundspeed) 

HD 

- 

R 17 

(Hind  Direction) 

HV 

- 

R  18 

(Hind  Velocity) 

HDG 

- 

R19 

(Aircraft  Heading) 

LOPA 

- 

R20 

(Level  off  altitude) 

3.1. 8.2  Governing  Equations 

Single  asterisks  imply  multiplication,  double  "**"  imply 
exponent. 

Temperature  Deviation:  TDBV  *  f  (OAT, PI) 

TDEV  *  OAT  -  15  ♦  (198E-5)(PA) 

Cruise  Ceiling:  CC  =  f  (TDEV, GW) 

CC  *  58480  ♦  78.67  (30-TDEV)  - 

-  (1-0.0031  (30-TDEV)  )  (0.705)  (GH) 
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Bax  Hange  Calibrated  Airspeed:  BRCAS  *  f(PA,GW) 

BFCAS  *  179.67  -  (173E-5)  (PA)  ♦  (816E-6)  (GW) 

♦  (516E-20)  (PA)** 2  (3  1)  '**2  - 
-  3. 074LH  (PA  E-3) 

Bax  Endurance  Calibrated  Airspeed:  BECAS  3  f  (GW) 

HECAS  3  65  ♦  (125E-5)  (GW) 

Delta*  Ataospheric  Pressure  Ratio:  p/po  3  f  (PA) 
p/po  3  (1- (6875E-9)  (PA) ) **5.  2563 

Bach  Bueber  Squared:  82  3  f( p/po, IAS) 

B2  a  5  ( (po/p  ( ( 1+. 2  (I AS/66  1. 7 )**2)  **3.5-1)  +1)**. 28 6-1) 

Aubient  Teaperature:  TA  *  £  (OAT,  82) 

TA  =  OAT/  (1-.2*M2) 

SQRT  Sigua  Inverse:  SSI  3  £  (TA,  PA) 

SSI  3  ,982exp  (  (1936E-6)  (TA)  ♦  (21 12E-8)  (PA-1500) ) 

Delta  Tc  (Coup  Coer):  dvc  3  £(pa,cas) 

CVC  3  ((IE-7)  exp  (91E-6)  (PA) )  CAS**2.852) 

IAS  Dependent  TAS:  TASi 
TASi  3  IAS  *  SSI 

Headuind:  HR 

EW  3  TASi  -  GS 

CAS  Corrected  for  Headwind:  CAS+HR 
CAS+  HR  3  CAS  ♦  (.  5-  (PA)  E-5)  (  HW) 
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CiS  Corrected  for  Tailwind :  C1S-HB 
CAS- HB  *  CAS  ♦  (.  3- (PA)  5E-6)  (HW) 

Equiwalent  Airspeed:  BIS 
EAS  *  CAS  -  DVC 

Tree  Airspeed:  TAS 

TAS  *  EAS  *  SSI 

Has  Bange  Descent  CAS  (>10000):  HRDCAS  * 
EHDCAS  *  130.4677exp  ((GB)  (32687E-10)) 

Sax  Bange  Descent  CAS  (<10000):  BBDCAS  > 
EHDCAS  *  130.4677exp  ((GB)  (32687B-10)) 


f  (6«) 


f  (GB)  +f(Vl) 


*  10  -  .001  (PA) 


37 


3.2  191  Sz2£  SIi22  210GBM 

Pirst  efforts  to  design  a  BINGO  program  for  the  E-2C  includ¬ 
ed  use  of  regression  analysis  to  approximate  the  values 
listed  in  the  BINGO  charts.  This  effort  vas  abandoned  early 
on  as  being  impractical  and  inaccurate.  The  charts  are  al¬ 
ready  rounded  off  the  nearest  five  pound  increment  and  the 
exact  method  used  to  compute  the  original  values  is  unknown. 

The  method  used  in  this  report  is  to  load  all  the  values 
of  fuel  required  and  time  required  into  a  data  set,  then  use 
a  calculator  program  to  access  the  correct  value.  There  are 
seven  configurations;  only  the  boldface  fuel  required  values 
are  used.  All  other  values  are  disregarded.  Sorting  algor¬ 
ithms  are  used  to  determine  the  correct  recommended  altitude 
to  fly  and  similar  methods  are  used  to  calculate  the  appro¬ 
priate  address  for  indirect  addressing  of  the  correct  fuel- 
required  :time-required  value. 

Interpolation  calculates  fuel  and  time  required  for  va¬ 
lues  not  explicitly  shown  in  the  charts.  No  corrections  are 
made  for  headwinds  or  tailwinds.  Since  fuel  required  and 
time  required  are  stored  in  the  data  set  as  a  decimal  num¬ 
ber,  integer  functions  and  appropriate  calculations  are  used 
to  separate  the  indirectly  accessed  value  for  storage  and 


display 
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3.2.1  XbJSXI  2£  QEgtfttlgJ 

The  EINGO  program  can  be  easily  selected  by  the  user  by 
pressing  the  shift  key,  then  key  21.  The  program  loads  and 
is  ready  for  use  in  about  30  seconds.  Once  loaded,  START  is 
pressed.  An  echo  check  is  displayed,  "**E2C  BIIGO*",  fol¬ 
lowed  by  a  reguest  for  "DIST  TO  GO?".  Then,  "SELECT.., 
BEGS,  GB,  FLPS". 

At  this  point,  the  pilot  determines  the  probable  configu¬ 
ration  for  any  BINGO  situation  that  might  arise.  Generally, 
two  engines,  gear  up  and  flaps  up  can  be  assumed.  If,  how¬ 
ever,  the  aircraft  was  experiencing  a  stuck  flaps  or  gear 
down  situation,  those  configurations  could  also  be  selected. 
Time  permitting,  fuel  and  time  required  for  all  seven  co¬ 
nfigurations  could  be  requested  and  written  down  in  a  short 
amount  of  time. 

The  2E  key  is  now  pressed,  followed  by  GO,  then  FO.  Pro¬ 
gram  operation  will  proceed  to  display  "TFH,  IPH?"  so  that 
1000  pounds  can  be  added  to  the  fuel  required  if  IFR  is  se¬ 
lected.  After  the  VFR  or  IFR  key  is  pressed,  program  opera¬ 
tion  proceeds  automatically  without  user  assistance.  The 
correct  value  of  fuel  and  time  required  are  selected  by  the 
program  and  stored  for  display.  Flowchart  operation  is  pic¬ 
tured  in  the  following  pages.  Fuel  required,  tine  required, 
recommended  altitude  to  fly,  initial  sea  level  IAS  to  fly,  a 
climb  schedule  airspeed  correction,  and  initial  power  set¬ 
ting  are  all  displayed  to  the  user. 
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3.2.2  gqture  Corrections 

The  current  prograi  configuration  perforas  exactly  what  the 
pilot  would  find  if  the  pocket  checklist  was  used.  The  ad¬ 
vantage  to  using  the  calculator  is  the  ability  to  chose  new 
configurations  without  sorting  through  several  pages  of  con¬ 
figurations  scattered  in  the  checklist  booklet.  The  check¬ 
list  booklet  has  always  been  soaewhat  difficult  to  use; 
hopefully,  the  calculator  will  ease  that  problea  soaewhat. 

The  next  aodification  to  this  prograa,  a  subject  of  fu¬ 
ture  research,  will  be  to  incorporate  headvind  and  tailwind 
corrections  to  fuel  and  tiae  required  values. 


2 


E-2C  8ING0 


j/r 


I 

i 


51 


107 


LBL  02 


115 


0 


1  CF03  CF05 


_ 1 

KEQ12  XCQ13 
XEQ14 

GTO 

16 

; 

$F02 

CFOS 

_ 

t _ 

20000  ft  xeqio, 
64  XEQ24,  34 
XE011 

t 


[ 

GTO 

10 

E-2C  BINGO 


E-2C  BINGO 

L8L  05 

LSL  00 

LBL  07 

25000  FT  XE010 

no  xequ. 

20000  FT  XE010 
?0  XE024.  39 


SF05 

CF03 

25000  FI 
139  XfOl 

xEt 

XE010. 

1  XE0I3 
114 

— 

GTO 

16 

15000  FT  XE010. 
69  x£Q24.  49 
XEQU,  5000  FT 
XE010.  39  XEQll 


SF07  CFOS 


15000  FT  XEQ10. 
139  XE 024,  99 
XEQU,  5000  FT 
XE010.  59  XE011 


SEA  LEVEL 
XEQ10.  0  XE011 


NOTE:  Flow  doee  not  neceaaartly  progrwmw  tnru  to  16. 

The  Drogrow  con  branch  ana  oh  Id  to  17  by  cuccosoful  Togtc 
quel  Iftcatton  at  the  aocona  lovoi  of  ooorattan  In  each 
configuration  brancn.  Oranch  out  can  occvr  In  thw 

xEOU/LBLll  conatructa.  _ 

Calculation  of  addrosa 

. _  feetora  to  ow  uaad  In 

j  Indirect  addrtaalng  to  locate 

fr.tr  value  In  date  aet. 


(OTvi/lO)  - 
INT 1QTQ/10 1  • 


INTIOTG/IOI  ♦  0 


(DTG/20)  - 
INT IQTG/20 I  »  1 


INT 1DTG/20 I  ‘  5 


a  IS  T  TO  M 
r*eroo'atlon  i actor 
'nteqer  fkaictton 
ore'lalnary  addreaa 


( 0T6/50) 
INT I 0TG/50 


INTI0TC/50I  * 
11  •  00 


k6 


E-2C  BINGO 


i 

! 

7/7 


E-2C  BIB GO /HP-4 1CT  Code  (June  19  82,  1/«) 
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01 ♦LBL  'STB' 

02  CF  01 
03  CF  02 
04  CF  03 
05  CF  04 
06  CF  95 
07  CF  06 
08  CF  07 

00  -**E2C  BINGO** 

10  AVIEH 

11  PSE 

12  “BIST  TO  GO  ’* 

13  PROMPT 

14  3T0  00 

15  -SELECT..' 

16  AVIEH 

17  PSE 

18  'ENGS,  GR,  FLPS- 

19  PROMPT 
20*LBL  8 

21  CF  02 

22  -2  ENGS' 

23  PROMPT 
24*LBL  G 

25  SF  08 

26  -SINGLE  ENG...' 

27  0VIEM 

28  PSE 

29  -**MARHING**" 

30  WIEN 

31  -SE=GU,FU,OHLy..' 

32  AVIEH 

33  PSE 

34  GTO  08 
35»LBL  C 

36  SF  03 

37  -GEAR  UP- 

38  PROMPT 
39*LBL  H 

40  CF  03 

41  -GEAR  DOWN..' 

42  WIEN 

43  PSE 

44  -SELECT..' 

45  WIEN 

46  PSE 

47  -FU/FB  ONLY- 

48  PROMPT 
49H8L  D 
58  CF  96 


51  CF  97 

52  CF  98 

53  SF  05 

54  -FLAPS  UP..* 

55  WIEN 

56  PSE 

57  GTO  88 
58*LBL  I 
59  CF  05 
68  CF  07 

61  CF  88 

62  SF  96 

63  -FLAPS  1/3..- 

64  AVI EH 
85  PSE 

66  GTO  88 
67*LBL  -F23- 

68  CF  05 

69  CF  06 

70  CF  88 

71  SF  87 

72  -FLAPS  2/3..' 

73  AVIEH 

74  PSE 

75  GTO  88 
76*LBL  -FD' 

77  CF  85 

78  CF  86 

79  CF  87 

30  CF  88 

31  -FLAPS  BOHN. . 

32  AVIEH 
83  PSE 
34*LBL  88 

85  '  VFR,  IFR  ?' 
36  PROMPT 
87«LBL  E 
38  GTO  89 
89*LBL  J 
90  SF  10 
9l*LBL  89 

92  FS?  88 

93  GTO  07 

94  FS?  83 

95  GTO  22 

96  FS?  85 

97  GTO  82 

98  GTO  86 
99HBL  22 
100  FS?  85 


101  GTO  81 

102  FS"7  86 

103  GTO  03 

104  FS?  97 

105  GTO  84 

106  GTO  85 
107*LBL  81 
108  SF  81 
199  CF  93 

110  CF  85 

111  XEQ  12 

112  XEQ  13 

113  XEQ  14 

114  GTO  16 
115*LBL  82 

116  CF  85 

117  SF  82 

118  -20000  FT- 

119  XEQ  18 
128  69 

121  XEQ  24 

122  39 

123  XEQ  11 

124  GTO  16 
125*LBL  03 

126  CF  86 

127  XEC  12 

128  XEQ  13 

129  XEQ  14 
138  GTO  16 
131*LBL  84 

132  CF  87 

133  CF  03 

134  SF  94 

135  -25000  FT* 

136  XEQ  10 

137  119 

138  XEQ  11 

139  '20808  FT- 

140  XEQ  10 

141  79 

142  XEQ  24 

143  39 

144  XEQ  11 

145  GTO  16 
:46*LBL  85 

147  CF  83 

148  SF  05 

149  '25000  FT' 

150  XEQ  18 
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151  139 

152  XEQ  11 

153  XEQ  13 

154  XEQ  14 

155  GTO  16 
156*181  86 

157  SF  86 

158  "15888  FT" 

159  XEQ  18 

160  69 

161  XEQ  24 

162  49 

163  XEQ  11 

164  "  5888  FT" 

165  XEQ  10 

166  39 

167  XEQ  11 

168  GTO  16 
169*LBL  87 
178  CF  88 

171  SF  87 

172  "15088  FT" 

173  XEQ  18 

174  139 

175  XEQ  24 

176  99 

177  XEQ  11 

178  "  5888  FT" 

179  XEQ  10 
138  59 

181  XEQ  11 

182  GTO  16 
183*1.81  10 

184  OSTO  01 

185  ftSHF 

186  QSTO  87 

187  RTN 
188*LBL  11 
189  RCl  88 

198  xm 

191  GTO  17 

192  RTN 
193*LBL  24 

194  XEQ  11 

195  "10808  FT" 
1%  XEQ  10 
197  RTH 
198*LBL  12 

199  "38080  FT" 
208  XEQ  18 


281  139 

202  XEQ  11 

203  RTH 
294*181.  13 
285  "29000  FT" 

206  XEQ  18 
287  69 

208  XEQ  11 
289  RTH 
210*lBl  14 

211  "18098  FT" 

212  XEQ  18 

213  49 

214  XEQ  11 

215  RTN 
216*LBL  15 

217  CF  10 

218  1800 
219  ♦ 

228  RTN 
221*LBL  16 

222  "  SEN  LEVEL- 

223  XEQ  10 

224  8 

225  XEQ  11 
226*LBL  17 

227  RCL  88 

228  181 

229  X>Y? 

230  GTO  18 

231  XOY 

232  201 

233  X>Y? 

234  GTO  19 

235  RCL  88 

236  58 

237  / 

238  ENTERt 

239  IHT 

240  STO  83 

241  - 

242  STO  82 

243  RCL  83 

244  11 

245  GTO  28 
246*LBL  18 

247  RCL  80 

248  10 

249  / 

258  ENTERt 


251  INT 

252  STO  83 

254  STO  82 

255  RCL  83 
8 

257  GTO  20 
258*LBL  19 
259  RCL  88 
268  20 
261  / 

262  ENTERt 

263  INT 

264  STO  03 

265  - 

266  STO  82 

267  RCL  83 

268  5 

269*LBL  20 

270  + 

271  FS?  81 

272  7 

273  FS?  02 

274  26 

275  FS?  83 

276  45 

277  FS?  84 

278  64 

279  FS?  85 
288  83 

281  FS?  86 

282  102 

283  FS?  87 

284  121 

285  ♦ 

286  STO  83 

287  RCL  IND  X 

288  ENTERt 

289  INT 

290  STO  84 

291  - 

292  STO  85 

293  1 

294  ST*  83 

295  RCL  INK  03 

296  ENTERt 

297  INT 

298  STO  86 

299  - 

300  STO  03 
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E-2C  BIS  GO/HP 


101  RCL  0(> 

302  RCL  94 

303  - 

304  RCL  02 

305  * 

306  RCL  04 

307  + 

308  FS’  10 
300  XEQ  15 

310  STO  84 

311  RCL  03 

312  RCL  85 

313  - 

314  RCL  82 

315  * 

316  RCL  85 

317  + 

318  18 

319  * 

328  STO  05 
321*LBL  21 
322'*LBL  23 

323  FIX  9 

324  ■  FR  »  ‘ 

325  RRCL  84 

326  FIX  2 

327  PROMPT 

328  *  TR  =  * 

329  RRCL  05 

330  PROMPT 

331  -RCMB  RLT  =‘ 

332  RVIEW 

333  PSE 

334  CLfi 

335  RRCL  01 

336  "P" 

337  RRCL  07 

338  PROMPT 

339  FIX  0 

340  FS?  01 

341  154 

342  FS?  02 

343  134 

344  FS?  03 

345  145 

346  FS?  04 

347  143 

348  FS?  05 

349  122 

350  FS?  06 


’4 1CV  Code  (June  19  82,  3/*) 


351  109 

R26= 

R27= 

4,375.138 

1,275.004 

352  F$?  87 

R28= 

1,460.00? 

353  129 

R29= 

1,648.818 

354  "S.L.  IRS  -  ‘ 

R30* 

1,808.014 

355  RRCL  X 

R31= 

1,948.01? 

356  PROMPT 

R32= 

2,080.820 

357  *SEC  1KT/2KFT- 

R33* 

2,218.824 

358  PROMPT 

R34= 

2,325.027 

359  FS"5  02 

R35= 

2,435.830 

368  GTO  38 

R36= 

2,545.833 

361  FS’  07 

R37= 

2,775.039 

362  GTO  38 

R38= 

3,000.045 

363  -USE  N.P.=1010C* 

R39= 

3.225.051 

364  PROMPT 

R48= 

3,465.057 

365  GTO  23 

R41= 

3,695.103 

366 ♦LBL  38 

367  ’USE  H.P. =18490- 

368  PROMPT 

369  GTO  23 

370  .END. 


R42=  4.265.118 
R43=  4,845.133 
R44=  5,430.148 
R45=  6,820.284 
R46=  1,250.083 


R47= 

1,408.006 

R48= 

1,545.809 

R49= 

1,685.812 

R5i= 

1,795.815 

R80= 

8.808 

R51= 

1,985.818 

R01= 

1.808 

R52= 

2,815.021 

R82= 

2.888 

R53= 

2,105.824 

R83= 

3.888 

R54= 

2,195.827 

R84= 

4.880 

R55= 

2,280.030 

R05= 

5.800 

R56= 

2,460.036 

R86= 

6.800 

R57= 

2,620.040 

R07= 

7.000 

R58= 

2,775.045 

R08= 

1,2*0.883 

R59= 

2,925.050 

R09= 

1,380.006 

R60= 

3,080.055 

R10= 

1,515.009 

R61= 

3,465.107 

Rll* 

1,655.012 

R62= 

3,860.120 

R12* 

1,760,015 

R63* 

4,245.133 

R13= 

1,865.918 

R64= 

4,638.145 

R14= 

1,950.028 

R65= 

1,250.003 

R15= 

2,840.023 

R66= 

1,400.807 

R16* 

2,128.025 

R67= 

1,550.810 

R17= 

2,208,028 

R68= 

1,685.013 

R18= 

2,365.033 

R69* 

1,808.816 

R19= 

2,525.038 

R78= 

1,915.819 

R20= 

2,665.042 

R71* 

2,035.822 

R2l= 

2,810.0*7 

R?2= 

2,130.825 

R22= 

2,945.052 

R73= 

2,228.828 

R23= 

3,308.103 

R74= 

2,318.031 

R24= 

:  3,655.115 

R75= 

:  2,490.036 

R25= 

:  4,015.126 
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R76*  2,664.841 
R77=  2  835.647 
°78=  3,814.852 
R?9=  3,185.858 
R80=  3,625.112 
R81=  4,864.126 
R82=  4,495.139 
R83=  4,945.153 
R84=  1,284.844 
R85=  1,465.808 
R86=  1,654.012 
R87=  1,818.015 
R88=  1,964.419 
R89=  2,104.423 
R90=  2,250.026 
R9l=  2,365.029 
R92=  2,485.833 
R93=  2,645.036 
R94=  2,840.042 
R95=  3,075.848 
R96=  3,300.054 
R97=  3,534.101 
R98=  3,764.107 
R99=  4,340.123 
R100=  4,918.139 
R181=  5,510.155 
R182=  6.120.211 
R103=  1,310.444 
R104=  1,530.008 
R105=  1,754.013 
R106=  1,950.817 
R107=  2,130.421 
R188=  2,310.025 
R109=  2,470.829 
R110=  2,625 .032 
Rlll=  2,780.436 
R112=  2,945.040 
R113=  3,270.448 
RU4-  3,590.855 
RU5=  3,915.143 
R116=  4,235.118 
R117=  4,555.117 
RU8=  5,365.136 
R119*  6.210.155 
R120=  9,999.999 
R121*  9,999.999 
R122=  1,210.004 
R123-  1,320.008 
R124*  1,430.811 
R125=  1,540.015 


R126= 

1,650.019 

R127= 

1.750.023 

R128= 

1,854.826 

R129® 

1,954.029 

R130s 

2,(^0. 833 

R131= 

2,145.837 

R132* 

2,330.043 

R133= 

2,495.054 

R134= 

2,670.856 

R135= 

2,845.183 

R136= 

3,825.109 

R137* 

3,475.125 

R138- 

3,920.142 

R139* 

4,364.157 

R144* 

4,810.214 
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3.3  Xu  Sr2£  ssgssaiip  tisfiias.  aamnais  s&qghm 

The  Crosswind  Landing  Limitations  program  is  a  straight  for¬ 
ward  interpretation  of  the  Takeoff  and  Landing  Crosswind 
Limits  chart  on  page  11-26  of  the  E-2C  NATOPS  manual.  Sub¬ 
sequently,  it  was  determined  that  the  same  chart  is  used  for 
the  E-2B  and  C-2A;  hence,  the  code  for  those  aircraft  is  ex¬ 
actly  the  same  except  for  the  label  that  appears  in  the  cal¬ 
culator  readout  when  the  program  is  initially  selected.  A 
separate  section  for  the  E-2B  and  C-2A  programs  is  not  in¬ 
cluded. 

3. 3. 1  Theory  gf  Operation 

The  XfiL  program  loads  from  extended  memory  in  less  than  10 
seconds.  The  press  key  33  and  observe  "**B-2C  XHL**  appear 
momentarily  in  the  display. n  Assuming  the  program  is  being 
used  during  the  setup  to  landing  from  an  approach  or  during 
a  7PB  touch  and  go  pattern,  the  user  is  then  asked  for  "RWY 
HOG  *  V  (runway  heading).  Enter  the  correct  number  (010 
to  360)  followed  by  R/S.  In  the  same  manner,  the  program 
asks  for  "IIHD  DIB  *  ?"  and  "USD  VBL  *  ?".  The  program 

computes  x  and  y  positions  based  on  the  input  parameters 
then  compares  these  against  an  equation  for  the  line  defin¬ 
ing  the  boundary  between  recommended  and  not  recommended. 
Depending  on  the  outcome  of  the  logic,  the  program  will 
then,  obviously,  display  "BBC OHNEIDED*  or  "HOT  8ECOB,D". 
The  program  then  computes  minimum  recomseaded  IAS  for  xouch- 

ii  or  "••B-2B  X*l**"  or  "••C-2A  X1L**"  as  previously  noted. 


a°»i>  headwind  (HP)  and  crosswind  <x„  and  displays 
sach.  Its  flowchart  and  cods  for  ths  progra.  ars  listed  on 
the  following  pages. 


E-2C  X8L/HP-41CV  Code  (Jane  1982,  1/1) 
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01*LBL  'XML' 

02  *»*E-2C  XML**" 
03  (WIEM 
04  PSE 

05  -RHY  HDC  =  ?’ 
06  PROHPT 
07  STO  00 
08  -MINS  BIR  -  ?’ 
09  PROHPT 
10  STO  01 
U  -UIHB  VEL  =  ?* 

12  PROHPT 

13  STO  02 

14  RCL  00 

15  RCL  01 

16  - 

17  A8S 

18  STO  03 

19  SIM 

20  RCL  82 

21  ♦ 

22  STO  84 

23  RCL  03 

24  COS 

25  RCL  82 

26  * 

27  STO  05 

28  87.5 

29  ♦ 


38  4.167 

31  / 

32  RCL  94 

33  X>Y? 

34  GTO  01 

35  -RECOHMEHDED- 

36  PROHPT 

37  GTO  02 
38*LBL  81 

39  -NOT  RECOH-B* 

40  PROHPT 
41*LBL  02 

42  RCL  85 

43  80 

44  + 

45  STO  06 

46  FIX  0 

47  -HR.lflS  =  ' 

48  flRCL  86 

49  PROHPT 
58  ■  HM  =  • 

51  flRCL  85 

52  PROHPT 

53  -  XH  =  * 

54  ARCL  84 

55  PROHPT 

56  GTO  82 

57  .END. 
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3.4  5Afl£I5  ffloggAfl  0£SMH21 

The  best  say  to  understand  operation  of  the  calculator  is  to 
create  a  scenario  in  which  the  calculator  Bight  be  used. 
The  following  scene  is  typical  of  what  might  be  expected. 

3.4.1  Osina  t&e  ms  ££2313! 

Assume  the  mission  is  complete,  marshall  instructions  have 
been  received,  and  the  aircraft  is  proceeding  to  the  as¬ 
signed  holding  fix  with  an  expected  push  time.  Approximate 
distance  from  present  position  to  the  holding  fix  is  suffi¬ 
cient  to  justify  calculating  a  max  range  profile.  The  copi¬ 
lot,  most  probable  operator  of  the  calculator,  turns  the 
HP-41  on  and  ensures  that  OSER  mode  appears  in  the  window. 
The  FPAS  program  is  selected  by  SHIFT/KEY* 21 1 .  The  program 
operation  symbol  (a  flying  "dude”)  appears  in  the  window 
while  the  FPAS  program  loads  from  extended  memory  to  main 
memory.  Upon  completion  of  the  load  sequence,  the  windown 
again  displays  whatever  numbers  were  in  the  window  to  begin 
with. 

KIT  1 1  is  now  pushed  again  to  start  the  program.  "**B2C 

FPAS**"  appears  momentarily  in  the  window  as  an  echo  check 

verification,  followed  by  "BASIC  IT  »  ?".  Enter  39600,  then 

R/S.  The  other  prompts  occur  as  follows. 

Prompt  Response 

CARGO  IT  »  ?  50  R/S 

10.  CRER  «  ?  5  R/S 


12  The  yellow  SHIFT  key  doubles  the  USER  functions  of  each 
of  the  program  selecting  keys.  KET  11  is  also  the  START 
key  tor  programs  in  the  unsnifted  mode. 
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PB0P1LE? 

RANGE 

KEY 

12 

**HAX  RANGE** 

(momentary 

echo  check) 

ALT  ■  PT? 

25000 

R/S 

OAT  »  C? 

-15 

B/S 

(key  CHS  for  ♦/-) 

IAS  *  KTS? 

155 

R/S 

(current  IAS) 

PD EL  «  LBS? 

6  500 

B/S 

(read  from  gages) 

GS/AVAIL?  I/H 

YES 

KEY 

15  (assuming  CAINS 

GS  *  KTS? 

250 

R/S 

•  DATA  READY* 

Press  R/S  or  KEY  21  to 

continue 

*BCHD  SB  IAS 

•PRESENT  ALT 

*HB  IAS  »  169 

R/S 

•  HS  TAS  >  265 

R/S 

*HN  *  -7 

R/S 

(a  tail  wind) 

RCBD  CBS  CLG 

CC  •  271  GO 

R/S 

GH  *  47150 

UPDATE  e  30H 

B/S 

to  repeat  data 

The  pilot  now  establishes  IAS  *  169  knots  to  fly  max 

range  fael  consumption  to  the  marshall  holding  point.  En- 
route,  the  copilot  accesses  the  max  endurance  program  to 
plan  a  holding  airspeed. »»  KEY  1 3  is  pressed  and  the  follow¬ 
ing  sequence  cf  commands  and  responses  occur. 

££2i£i  Bsffigaa 

**HAX  EH DOB* 

ALT  *  PT?  25  000  B/S 

OAT  *  C?  -15  B/S 


The  traditional  method  of  flying  max  endurance  is  to  set 
21  to  22  units  angle  of  attack.  The  AOA  probe,  however, 
is  a  pressure  differential  device  that  measures  pressure 

?t  two  positions  on  the  surface  of  a  small  cylinder.  It 
s  least  accurate  at  slower  airspeeds  because  of  lower 
static  pressures  and  stiction  in  the  mechanism.  There  is 
also  a  caution  in  the  NATOPS  regarding  reverse  power  ef¬ 
fects  (ie,  back  side  of  power  curve)  at  22uAOA.  Since 
the  airspeed  indicators  are  more  accurate  in  a  steady 
state  condition,  it  is  recommended  that  an  output  of  HEI- 
AS-to-fly  be  used  in  preference  to  an  AOA  setting. 
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IAS  *  KTS? 
F0Z1  «  LBS? 
•DATA  BEADT* 
♦ECHO  BE  IAS 
+PBESS1T  ALT 
♦  BE  IAS-  126 
68  -  49650 
UPDATE  e  30B 


169  B/S 
9000  R/S 

B/S  or  KET  21 


B/S 

B/S 

B/S  to  repeat  data 


The  pilot  enters  holding  and  establishes  126  knots  IAS 
and  cross  checks  with  the  AOA.  (This  airspeed  is  based  on  a 
9000  pound  fuel  load  and  should  be  updated  periodically  if  a 
long  period  in  holding  occurs.  BE  IAS  is  strictly  a  func¬ 
tion  of  gross  weight). 


3.4.2  Oslas  t^e  &B£2  EEflSEas 

In  holding,  the  copilot  now  accesses  the  3IHGO  program  by 
pressing  SHI  FT/ KET  21.  'When  loaded,  the  START  key  (11)  is 
pressed.  14 


£l2!£t 

5g«ES£L§3 

**E2C  BIHGO* 

DIST  TO  60  ? 

90 

B/S 

SELECT. . 

EH6S ,  61,  FLAPS 

2E 

KET 

12 

2  E1GS 

GO 

KET 

13 

6EAB  OP 

F0 

KET 

14 

FLAPS  OP.. 

FFB,  IF8  ? 

IFB 

KET 

25 

"Traveling  duck" 

FB  «  3120 

R/S 

(3120  lbs  fuel  reg'd) 

TB  -  0.25 

B/S 

(25  ain  enroute) 

Assume  a  BIHGO  distance  of  90  miles  has  been  assigned  by 
marshall.  The  ship  and  BIHGO  field  are  ZFR.  The  antici- 

rated  aircraft  configuration  is  two  engines,  gear  up,  and 
laps  op. 


i* 


EC  HD  1LT  * 
20000  FT 
S.L.  IAS  *  154 
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H/S 

B/S  (initial  IBS  to 
start  climb) 

DEC  1KT/2KFT  5/S  (decrease  IIS 

1  knot/2000ft  cliab) 

OSE  N.P. *1010C  H/S  to  repeat  data 

This  data  is  duly  recorded  for  possible  use  later  in  the 
recovery.  commencing  the  approach,  fuel  is  dusped  down  to 
appropriate  landing  weight.  Enroute,  the  E-2  is  vectored  in 
the  usual  manner  to  allow  precaeding  aircraft  to  clear  the 
bolter  pattern.  Shortly  after  setting  the  approach  configu¬ 
ration,  the  aircraft  just  prior  to  the  E-2  manages  to  foul 
the  deck  indefinitely.  A  bolter  is  anticipated  for  the  2-2. 
Upon  cleaning  up,  the  pilot  experiences  a  jammed  landing 
gear  handle  that  precludes  raising  the  gear.  The  flaps  come 
up  satisfactorily.  Again,  the  3ING0  program  is  accessed. 


£I2AE* 

Response 

**E2C  BINGO* 

DIST  TO  GO  ? 

90 

B/S 

SELECT.. 

ENGS,  GB,  FLPS 

2E 

2  ENGS 

GD 

GBAfi  DOWN.  . 

SELECT. . 

PU/FD  ONLY 

FO 

FLIPS  ap.. 

VFB,  IFB  ? 

IFB 

"Traveling  Duck" 

FH  *  3435 

B/S 

TB  *  0.30 

B/S 

BCHD  ALT  * 
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20000  FT  R/S 

S.  L>  II S  *  134  R/S 

DSC  1KT/2KFT  R/S 

OSS  H.P.-1049C  R/S  to  repeat  data 

Clearance  to  BINGO  is  received,  and  daring  the  climb,  one 

of  the  crew  produces  a  screw  driver  that  frees  the  landing 

gear  handle.  The  gear  come  up  and  the  pilot  reestablishes  a 

clean  configuration. 

3.4.3  xbs  ms  Etgfliaa  ka&iz 


Leveling  off  at  20000  feet, 
once  more.  The  following  max 
EtSlEt 

**E2C  FPAS** 

BASIC  IT  *  ? 

CARGO  ST  ■  ? 
IO.CHEI/PAX— ? 

PROPILE? 

••BIX  RANGE** 

ALT  «  FT? 

OAT  »  C7 
IAS  «  KTS? 

FOEL  »  LBS? 

GS, AVAIL?  T/l 
IIWT  USDS.. 

HID  DIR  «  ? 

SI ID  TEL  *  ? 

A/C  HDG  »  ? 

•DATA  READY* 

•ICBD  HR  IAS 
•PRESEIT  ALT 
•  8R  IAS-  181 
•HI  TAS-  2S9 
•HI  «  21 


the  FP AS  program  is  accessed 


ra  nge 

data 

is 

obtained. 

Sssesass 

START 

KEY 

1 1 

39  600 

R/S 

50 

R/S 

5 

R/S 

RAIGB 

KEY 

12 

20  000 

R/S 

-10 

R/S 

165 

R/S 

4  500 

R/S 

IO 

(CAINS 

is  down) 

025 

R/S 

(forecast  or 

last  known) 

50 

R/S 

090 

R/S 

R/S 

R/S 

R/S 


R/S 

R/S 

R/S  to  repeat  data 
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RCHD  CRS  CLG 
CC  *  29  3  00 
GS  *  95150 
UPDATE  e  30H 


The  pilot  elects  to  remain  at  20000  feet,  anticipating 
higher  winds  at  higher  altitude,  and  calls  for  the  aax  range 
descent  prograa.  The  following  responses  are  obtained. 


£iaiet 

Response 

DBSC  BBT 

KET 

14 

*BB  DBSCBBT* 

ALT  *  PT? 

20  000 

R/S 

(altitude 

to 

descend  froa) 

FOE!  *  LBS? 

4  000 

R/S 

(anticipated) 

L/O  ALT  *  ? 

2  000 

R/S 

(approach 

ada) 

"Traveling  Duck" 

DSBT,DIST*42 

R/S 

**  NOTE  •* 

BELOW  10K  FT 

IRC  HBD  IAS 

1  KT/1000FT 

OSE  500  SHP 

8RD  IAS*  156 

R/S 

to  repeat 

data 

3.4.4  XJs&  ssaggj&nd  laMiaa  iiiitatiaas  prograa 

Checking  in  with  approach  the  pilot  receives  the  following 

pertinent  weather  data:  winds  240  at  30,  gusting  to  35, 

runway  200  in  use.  The  XWL  prograa  is  called. 


Prompt  Response 


**E-2C  XWL** 

ZBL 

RBI  33 

HIT  BDG  *  ? 

200 

R/S 

VI1D  DIB  *  ? 

240 

R/S 

BIBS  TEL  «  ? 

35 

R/S 

RECOHHERDED 

R/S 

HR #IiS  *  107 

R/S 

HI  *  27 

R/S 

X*  »  22 

R/S 

61 

(ain  read  touch 
down  speed) 

to  repeat  data 
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Chapter  IT 

THE  E-2B/HP-41CV  PROGRAMS 

The  E-2C  program  is  the  standardization  fomat  used  to  de¬ 
sign  programs  for  the  E-2B  and  C-2A.  Hence,  a  detailed  ex¬ 
planation  for  programs  for  each  of  the  other  two  aircraft  is 
not  included.  The  reader  is  urged  to  study  the  E-2C  pro¬ 
grams  for  details  on  theory  of  operation. 

It  is  appropriate  to  mention  at  this  point,  however,  that 
no  significant  changes  have  been  made  in  the  E-2B  HATOPS  ma¬ 
nual,  Chapter  11,  since  1964.  Engine  modifications  and  a 
major  propeller  change  have  occu red  since  then.  Only  exper¬ 
ience  will  determine  whether  computed  parameters  in  this 
program  are  valid. 

4.1  as  IMS  pbograh 

The  xajor  differences  between  the  E-2B  and  E-2C  programs  are 
specific  equations,  listed  at  the  end  of  this  chapter,  and 
the  theory  cf  operation  of  the  descent  profile  for  the  E-2B. 

4.1.1  sssssn 

The  max  range  descent  IAS  profile  for  the  E-2C  is  dependent 
only  on  gross  weight  above  10000  feet,  and  on  gross  weight 
and  altitude  below  10000  feet.  Program  operation  is  depen¬ 
dent  on  selecting  the  correct  starting  altitude. 
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53 

The  E-2B  (and  C-2A)  aax  range  descent  IAS  profiles  are 


exponential  functions  dependent  on  gross  weight  and  alti¬ 
tude.  Regression  analysis  yielded  two  sets  of  equations 
that  split  at  10000  feet  to  naintain  accuracy.  Prograa  op¬ 
eration  is  transparent  to  the  user,  but  the  user  is  required 
to  update  the  IAS  at  least  once  every  2000  feet  during  a 
descent. 

The  following  pages  docuaent  the  flowchart  and  code  for 


the  E-2B  FPAS 


KEY  12 


KEY  13 


KEY  14 


DATA 


B-2B  PPiS/HP-*lCT  Code  (Jane  198  2;  1/3) 


73 


01*L8L  *STF* 

82  CF  91 

83  CF  82 

84  CF  83 
05  CF  84 
06  CLRG 

87  '**£28  FPAS**' 
08  AVIEM 
09  PSE 

18  'BASIC  MT  =  ?* 

11  PROHPT 

12  STO  06 

13  'CARGO  MT  =  V 

14  PROHPT 

15  + 

16  STO  80 

17  'HO.  CREM  =  ?' 

18  PROHPT 

19  200 

20  * 

21  Ra  08 

22  + 

23  STO  80 

24  'PROFILE?' 

25  PROHPT 
26*LBL  8 

27  SF  01 

28  CF  02 

29  CF  83 

30  '**HOX  RANGE*' 
32  AVIEH 

32  PSE 

33  XEQ  08 

34  RCL  83 

35  15 

36  - 

37  RCL  82 

38  198  E-5 

39  * 

40  ♦ 

41  STO  85 

42  30 

43  Ra  85 

44  - 

•  45  -.0031 

46  * 

47  1 

48  + 

49  .705 

50  RCL  81 


51  * 

52  * 

53  CHS 

54  30 

55  RCL  85 

56  - 

57  78.67 

58  * 

59  + 

60  58558 

61  + 

62  108 

63  / 

64  IHT 

65  108 

66  * 

67  STO  06 

68  174.838 

69  RCL  81 

70  75  E-5 

71  * 

72  + 

73  RCL  92 

74  2522  E~6 

75  * 

76  - 

77  RCL  81 

78  RCL  02 

79  5588656  E-15 
38  * 

81  * 

32  + 

33  RCL  82 

84  Xt2 

85  RCL  81 
36  671  E-15 
87  * 

38  * 

89  + 

90  STO  13 
91*LBL  01 

92  RCL  02 

93  -6875  E-9 

94  * 

95  1 

96  + 

97  5.2563 

98  YtX 

99  STO  15 

100  RCL  84 


101  661.7 
182  / 

183  Xt2 

184  .2 

185  * 

106  1 

187  + 

188  3.5 
109  YtX 
118  1 
111  - 

112  RCL  15 

113  1/X 

114  * 

115  1 

116  + 

117  .286 

118  YtX 

119  l 

120  - 

121  5 

122  * 

123  STO  08 

124  .2 

125  * 

126  1 

127  + 

128  1/X 

129  RCL  03 

130  * 

131  STO  89 

132  1936  E-6 

133  * 

134  RCL  82 

135  1500 

136  - 

137  2112  E-8 

138  * 

139  + 

148  EtX 

141  .982 

142  * 

143  STO  18 

144  FS?  01 

145  GTO  83 

146  GTO  10 
147*LBL  82 

148  RCL  82 

149  91  E-6 

150  * 


E-2B  PPA S/HP-41CT  Code  (Jane  198  2;  2/3) 
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151  EtX 

152  l  E-? 

153  * 

154  RCL  13 

155  2.352 

156  YtX 

157  * 

158  STO  87 

159  RTN 
160*LBL  03 

161  RCL  04 

162  RCL  10 

163  * 

164  STO  It 
165*L8L  04 

166  "GS. AVAIL?  Y/H- 

167  PROWT 
168H8L  E 

169  *GS  *  KTS?“ 

178  PROMPT 

171  STO  16 

172  RCL  11 

173  RCL  16 

174  - 

1?5  STO  12 
176  GTO  85 
177*LBL  J 

178  -INPUT  HINDS..* 

179  AVIEH 

180  PSE 

181  -HIND  DIR  =  ?■ 

182  PROMPT 

183  STO  17 

184  -HIND  VEL  =  ’* 

185  PROMPT 

186  STO  18 

187  -A/C  HDG  =  ?* 

188  PROMPT 

189  STO  19 

190  RCL  17 

191  - 

192  ABS 

193  COS 

194  RCL  18 

195  * 

1%  STO  12 

197  RCL  11 

198  RCL  12 

199  - 

280  STO  16 


201  RCL  12 
292*LBL  05 
283  X<0? 

294  GTO  07 
205*LBL  06 
206  .5 
287  RCL  02 

208  1  E-5 

209  * 

210  - 

211  RCL  12 

212  * 

213  RCL  13 

214  + 

215  STO  13 

216  FS?  83 

217  GTO  14 

218  GTO  18 
219*LBL  97 

220  .3 

221  RCL  02 

222  5  £-6 

223  * 

224  - 

225  RCL  12 

226  * 

227  RCL  13 

228  + 

229  STO  13 
238  FS?  03 

231  RTN 

232  GTO  19 
233HBL  08 

234  -ALT  =  FT’* 

235  PROMPT 

236  X<0? 

237  10 

238  STO  02 

239  -OAT  =  C?* 

248  PROWT 

241  STO  03 

242  -IAS  =  KTS?" 

243  PROMPT 

244  STO  04 

245  -FUEL  =  LBS’- 

246  PROMPT 

247  RCL  08 

040  X 

249  STO  91 
258  RTN 


251*LBL  C 

252  SF  82 

253  CF  81 

254  CF  83 

255  -**MAX  EHBUR*- 

256  AVIEH 

257  PSE 

258  XEQ  08 
259H.BL  09 
268  54.75 

261  RCL  81 

262  155  E-5 

263  * 

264  + 

265  STO  13 

266  GTO  01 
267*LBL  18 

268  XEO  82 

269  RCL  13 

270  RCL  87 

271  - 

272  STO  14 

273  RCL  18 

274  * 

275  STO  11 

276  BEEP 

277  "*DAT0  READY** 

278  PROMPT 

279  GTO  F 
280N.BL  D 

281  SF  83 

282  CF  81 

283  CF  82 

284  **HR  DESCENT*- 

285  AVIEH 

286  PSE 

287  'ALT  s  FT’* 

288  PROMPT 

289  STO  82 

290  'FUEL  =  LBS’- 

291  PROWT 

292  RCL  88 

293  + 

294  STO  01 

295  -L/O  ALT  =  ’* 

296  PROWT 

297  STO  20 

298  RCL  82 

299  - 
308  CHS 


B-28  FPIS/HP-41CV  Coda  (Jane  198  2;  3/3) 
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301  RCL  91 

351  "UPDTE  HRD.IAS* 

401  -*HR  TAS=" 

382  40900 

352  AVIEN 

402  ARCL  11 

393  - 

353  PSE 

483  PROMPT 

304  134367  £-13 

354  -EVERY  2008FT- 

404  -*NN  *  ‘ 

305  * 

355  AVIEN 

405  ARCL  12 

306  1676  E-6 

356  PSE 

406  PROMPT 

307  + 

357  'USE  508  SHP" 

407  "RCMD  CRS  CLG* 

300  * 

358  AVIEN 

488  AVIEN 

309  FIX  9 

359  PSE 

409  PSE 

318  -8SNB-DIST=* 

368  SF  04 

410  -CC  =  ■ 

311  MCI  X 

361*LBL  15 

411  ARCL  86 

312  PROMPT 

362  -MRB  IAS*- 

412  PROMPT 

313H8L  11 

363  ARCL  14 

413  -GO  =  * 

314  19000 

364  PROMPT 

414  ARCL  81 

315  RCL  02 

365  'HEM  ALT  =  ?* 

415  PROMPT 

316  X>Y’ 

366  PROMPT 

416  -UPDATE  e  30H* 

317  GTO  12 

367  STO  82 

417  AVIEU 

318  RCL  02 

368  GTO  11 

418  PSE 

319  -77  E-7 

3694.8L  16 

419  GTO  18 

320  * 

378  RCL  82 

420*LBL  19 

321  EtX 

371  .9 

421  "+RCHD  ME  IAS- 

322  162.4 

372  * 

422  AVIEM 

323  * 

373  LN 

423  PSE 

324  XEO  16 

374  4.57 

424  ‘♦PRESENT  ALT- 

325  GTO  13 

375  + 

425  AVIEM 

326*L8L  12 

376  RCL  81 

426  PSE 

327  RCL  02 

377  40099 

427HBL  20 

328  -239  E-8 

378  - 

428  -+HE  IAS=- 

329  * 

379  * 

429  ARCL  14 

338  EtX 

380  10009 

430  PROMPT 

331  153.1 

381  / 

431  *GN  =  * 

332  ♦ 

382  ♦ 

432  ARCL  81 

333  XEO  16 

383  RTN 

433  PROMPT 

334*LBL  13 

384*LBL  F 

434  ‘UPDATE  e  38H* 

335  STO  13 

385  FIX  0 

435  AVIEN 

336  RCL  12 

386  FS’  81 

436  PSE 

337  X>0? 

387  GTO  17 

437  GTO  28 

338  GTO  86 

388  FC?  81 

438*LBL  G 

339  XEO  07 

389  GTO  19 

439  CF  80 

340H.8L  14 

390HBL  17 

440  CF  91 

341  XEO  02 

391  "*RCMD  MR  IAS- 

441  CF  82 

342  RCL  13 

392  AVIEN 

442  CF  83 

343  RCL  07 

393  PSE 

443  CF  04 

344  - 

394  -*PRES£NT  ALT- 

444  FIX  4 

345  STO  14 

395  AVIEN 

445  CLX 

346  FS*>  84 

396  PSE 

446  .END. 

347  GTO  15 

397»LBL  18 

348  *  **  NOTE  w 

398  '*NR  IA$=" 

349  AVIEN 

399  ARCL  14 

358  PSE 

400  PROMPT 
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a.1.4  goistsina  saj&*ig»s 

Register  locations  for  the  E-2B  FPAS  are  the  same  as  for  the 
E-2C  and  will  not  be  repeated.  Governing  equations,  obvi¬ 
ously,  will  be  different  and  are  listed  here  for  the  record. 
The  headwind  corrections  used  in  this  program  are  the  same 
as  those  in  the  E-2C  prograa.  Equations  common  to  both  pro¬ 
grams  are  not  listed. 

Cruise  Ceiling:  CC  *  f(TDBV,GW) 

CC  *  50550  ♦  78.67  (30- TDEV)  - 

-  (1-0.0031  (30-TDEV))  (0.705)  (GW) 

Hax  Range  Calibrated  Airspeed:  HBCAS  *  f(PA,GW) 

HRCAS  *  174.838  75E-5(GW)  -  2522E-6(PA) 

♦  55  80  65  6  E-1 5  (GW)  (PA)  ♦  671E-15(GW)  (PA)**2 

Hax  Endurance  Calibrated  Airspeed:  BECAS  *  f  (GW) 

HECAS  *  54.75  ♦  155E-5(GW) 

Descent  Distance:  DD  *  f (PA, LOP A,GV) 

ED  *  (PA-LOPA)  ( (GW-40000)  (13  436E- 1 3)  ♦  ( 1 6 76E-6)  ) 

Bax  Range  Descent  CAS  (>10000):  BROCAS  *  f(PA,GW) 

ERDCAS  ■  153.  lexp  ( (PA)  (-239E-8)) 

♦  ((4.57  ♦  LN  (.9PA)  )  (GI-40000) /10000) 

Bax  Range  Descent  CAS  (<10000):  BROCAS  *  f  (PA, GW) 

BROCAS  *  16  2.4exp  ( (PA)  (-77E- 7) ) 

♦  ((4.57  ♦  LN  (.9PA)  )  (GW-40000) /10000) 
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4.2  2SS  Sz2S  BI1G0  PBOGBAH 

The  seven  BINGO  flight  configurations  used  for  the  3-2C  are 
used  also  for  the  S-2B.  Program  operation  is  essentially 
the  same  in  all  respects. 

The  fuel  and  time  required  values  used  in  the  data  set 
were  chosen  by  talcing  the  smallest  value  of  fuel  required 
per  horizontal  line  in  the  chart  (primary)  and/or  the  small¬ 
est  time  required  (secondary)  .  900  pounds  of  fuel  is  used 
to  add  for  IPR  fuel  required. 

As  in  the  case  of  the  E-2B  FPAS,  no  significant  changes 
have  been  made  in  the  E-2B  BINGO  charts  in  spite  of  engine 
modifications  and  a  propeller  system  change.  It  is  request¬ 
ed  that  any  "gouge"  figures  used  by  2-28  squadrons  to  modify 
these  numbers  be  brought  to  the  attention  of  the  author  so 
that  appropriate  software  changes  can  be  made. 

The  following  pages  show  flowcharts  and  program  code  for 
the  E-2B  BINGO  program. 


I 


FLAPS 


1-2 8  BINGO 


LBL 


XEOll.  1000 OFT 
XEQ10 


82 


-SC  34 


C8L  35 


145 


CSC  36 


163 


E-2B  BINGO 

L8L  37 


170 


05 


'06 


07 


[  "F  05  CFOS 

_ 

25000FT  XE010 . 
179  XEQ12,  69 
XE013.  59 

CTO 

14 

SF06 

15000FT  XE010. 
69  XEOll, 
5000FT  XE010,  39 

CTO 

14 

SF07 

CF0I 

_ 

15000FT  XE010, 
299  XE013.  2*9 
XEOll.  5000FT 
XE010,  139 

CTO 

14 

XEOll.  CTO  16: 
CBL16  ->  SEA 
lEVEC  XE010,  3 
XEOll 


LBL  18 


NOTE:  Flo*  do**  not  necessarily  prop-ess  trru  to  16. 

The  Drogrso  cm  branch  ins  on  Ip  to  17  tjy  successful  logic 
qua  i  if  teat  Ion  at  tne  second  'aval  of  operation  In  seen 
configuration  branch.  Iranen  out  can  occir  In  tha 
XE01 1/L8LU  constructs. 

I 

Calculation  of  address 
factor*  to  be  used  In 
Indirect  addraaalng  to  locata 
FB.TB  value  In  data  sat. 


QIC  -  CIS*  ’0  00 
*  Tntornolatloi 


VES 

(010/10)  - 
INTIBTC/101  •  1 

INT1DTG/1QI  ♦  0 

•  M 

STO  02 

LSL  19 

246 

TES  ,1 

CDTG/20)  - 
INTIOTG/20I  *  1 

INTI 0TG/20 1  ♦  5 

■  09 

STO  32 

■  Integer  fixation 

(0TG/50)  - 
INTI0T S/501  •  1 

INTI0TG/50I  * 
ll  *  oa 

oreMmlnary  aewres*  * 

STO  02 

O 


5/7 


I 


84 


E-2B  BINGO 


7/7 


I 

I 

X 


B-2B  BHGO/HP-4 1CT  cod«  (June  1982;  1/4| 
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01»LBL  'STB* 

02  CF  01 
03  CF  82 
04  CF  03 
05  CF  04 
06  CF  05 
07  CF  86 
08  CF  87 

09  *«*£2B  BINGO*" 

10  OVIEH 

11  PSE 

12  -BIST  TO  GO  ?* 

13  PROMPT 

14  STO  00 

15  "SELECT..- 

16  OVIEH 

17  PSE 

18  -ENGS,  GR,  FLPS" 

19  PROMPT 
20*LBL  B 

21  CF  02 

22  *2  ENGS" 

23  PROMPT 
24*LBL  G 

25  SF  88 

26  -SINGLE  ENG...- 

27  (WIEN 

28  PSE 

29  "SE=GU.FU>ONLY. , " 

30  (WIEN 

31  PSE 

32  GTO  88 
33*LBL  C 

34  SF  03 

35  "GEAR  UP- 

36  PROMPT 
37HBL  H 

38  CF  83 

39  -GEAR  BONN..- 

40  (WIEN 

41  PSE 

42  -SELECT.. * 

43  (WIEN 

44  PSE 

45  -FU/FB  ONLY’ 

46  PROMPT 
47HBL  B 

48  CF  86 

49  CF  07 

50  CF  08 


51  SF  05 

52  -FLOPS  UP..‘ 

53  (WIEN 

54  PSE 

55  GTO  08 
56*LBL  I 

57  CF  05 

58  CF  07 

59  CF  88 

60  SF  86 

61  -FLOPS  1/3..* 

62  OVIEH 

63  PSE 

64  GTO  08 
65*LBL  -F23* 

66  CF  85 

67  CF  86 

68  CF  18 

69  SF  07 

70  -FLOPS  2/3..* 

71  OVIEN 

72  PSE 

73  GTO  08 
74*LBL  -FD* 

75  CF  85 

76  CF  86 

77  CF  07 

78  CF  08 

79  "FLOPS  BONN...- 
88  OVIEH 

81  PSE 
82*LBL  88 

83  ■  VFRi  IFR  ?* 

84  PROMPT 
85*LBL  E 
86  GTO  89 
87*LBL  J 
88  SF  10 


394LBL 

89 

90 

FS? 

88 

91 

GTO 

07 

92 

FS? 

83 

93 

GTO 

22 

94 

FS? 

05 

95 

GTO 

82 

96 

GTO 

06 

97*LBL 

22 

98 

FS? 

05 

99 

GTO 

81 

188 

FS? 

06 

101  GTO  83 

182  FS?  8? 

183  GTO  04 
104  GTO  05 
105*L8L  01 

106  SF  01 

107  CF  83 

108  CF  05 

109  -  30880  FT* 

110  XE6  18 

111  249 

112  XEO  12 

113  79 

114  XEQ  13 

115  39 

116  GTO  14 
117*LBL  82 

118  CF  05 

119  SF  02 

120  -20800  FT* 

121  XEO  10 

122  79 

123  XEO  13 

124  49 

125  GTO  14 
126*LBL  03 

127  SF  03 

128  CF  06 

129  -38808  FT- 

130  XEO  10 

131  159 

132  XEO  12 

133  99 

134  XEO  13 

135  59 

136  GTO  14 
137H.BL  H 

138  CF  87 

139  CF  03 
148  SF  04 

141  -25000  FT- 

142  XEO  18 

143  179 

144  XEO  12 

145  119 

146  XEO  13 

147  59 

148  GTO  14 
149*LBL  05 
150  CF  83 
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151  SF  95 

152  -25999  FT" 

153  XEQ  19 

154  179 

155  XEQ  12 

156  89 

157  XEQ  13 

158  59 

159  CTO  14 
160*LBL  96 

161  SF  96 

162  '15999  FT* 

163  XEQ  18 

164  69 

165  XEQ  11 

166  '  5999  FT* 

167  XEQ  19 

168  39 

169  GTO  14 
179H9L  87 

171  CF  98 

172  SF  97 

173  -15999  FT- 

174  XEQ  19 

175  299 

176  XEQ  13 

177  249 

178  XEQ  11 

179  '  5999  FT- 
189  XEQ  18 

181  139 
182+LBl  14 

183  XEQ  11 

184  GTO  16 
185«L6t  10 

186  ASTO  91 

187  flSHF 

188  ASTO  97 

189  RTN 
199HJL  11 

191  SCI  99 

192  X>Y? 

193  GTO  17 

194  RTN 
195HBL  15 

196  CF  19 

197  999 

198  + 

199  RTN 
298*LBL  12 


281  XEQ  11 

251  ENTERt 

292  -29999  FT* 

252  IHT 

293  XEQ  19 

253  STO  03 

294  RTN 

254  - 

205+LBL  13 

255  STO  02 

296  XEQ  11 

256  RCL  03 

297  -19999  FT- 

257  5 

298  XEQ  10 

258*LBL  29 

209  RTN 

259  + 

2104.BL  16 

269  FS?  81 

211  -  SEA  LEVEL- 

261  7 

212  XEQ  10 

262  FS?  02 

213  0 

263  26 

214  XEQ  11 

264  FS?  03 

215*LBL  17 

265  45 

216  RCL  99 

266  FS?  94 

217  191 

267  64 

218  X>Y? 

268  FS?  05 

219  GTO  18 

269  83 

228  XOY 

278  FS?  06 

221  201 

271  192 

222  X>Y? 

272  FS?  97 

223  GTO  19 

273  121 

224  RCL  99 

274  + 

225  59 

275  STO  93 

226  / 

276  RCL  IND  X 

227  ENTERt 

277  ENTERt 

228  IHT 

278  INT 

229  STO  83 

279  STO  84 

239  - 

289  - 

231  STO  02 

281  STO  95 

232  RCL  03 

282  1 

233  11 

283  ST+  93 

234  GTO  20 

284  RCL  IND  83 

235H8L  18 

285  ENTERt 

236  RCL  99 

286  INT 

237  18 

287  STO  96 

238  / 

288  - 

239  ENTERt 

289  STO  03 

249  INT 

299  RCL  06 

241  STO  03 

291  RCL  04 

242  - 

292  - 

243  STO  92 

293  RCL  92 

244  RCL  03 

294  * 

245  0 

295  RCL  04 

246  GTO  29 

2%  + 

247*LBL  19 

297  FS?  19 

248  RCL  99 

298  XEQ  15 

249  20 

299  STO  94 

259  / 

399  RCL  83 
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381  RCL  95 

392  * 

393  RCL  92 

304  * 

305  RCL  05 

306  * 

307  10 

308  * 

309  STO  95 
3104.BL  21 
311*LBL  23 

312  FIX  0 

313  *  FR  *  * 

314  Mia  04 

315  FIX  2 

316  PROMPT 

317  •  TR  *  * 

318  Mia  05 

319  PROMPT 

320  -RCHM#  ALT  =  * 

321  aviEU 

322  PSE 

323  CLA 

324  ARCL  01 

325  ~h" 

326  ARCL  07 

327  PROMPT 

328  FIX  9 

329  *  BIST  =  * 

330  ARa  98 

331  PROMPT 

332  FS?  81 

333  162 

334  FS?  82 

335  137 

336  FS?  93 

337  147 

338  FS?  04 

339  132 
349  FS?  95 

341  124 

342  FS?  96 

343  109 

344  FS?  07 

345  124 

346  ‘S.L.  IAS  *  * 

347  ARCL  X 

348  PROMPT 

349  ’DEC  IKT/1KFT 

350  PROMPT 


351  FS?  97 

352  GTO  38 

353  'USE  N.P.*  932C- 

354  PROMPT 

355  GTO  23 
356*LBL  38 

357  'USE  H.P.*  971C* 

358  PROMPT 

359  GTO  23 
369  .ENB. 


R00* 

9.900 

R81* 

1.980 

R02* 

2.000 

R03= 

3.000 

R04= 

4.900 

R85= 

5.008 

R06= 

6.900 

R87= 

7.900 

R88= 

1,220.903 

R09= 

1,320.006 

R18* 

1,440.009 

Rll* 

1,528.012 

R12= 

1,618.014 

R13= 

1,780.017 

R14* 

1,790.920 

R15* 

1,859.822 

R16* 

1,938.925 

R17= 

2,800.028 

R18= 

2,150.833 

R19* 

2,290.938 

R20= 

2,448.043 

R21= 

2,530.048 

R22= 

2,730.053 

R23* 

3,890.101 

R24* 

3,390.112 

R25* 

3,700.123 

R26* 

4,908.135 

R27= 

1,240.804 

R28* 

1,390.907 

R29= 

1,538.811 

R30* 

1,680.014 

R31* 

1,800.018 

R32* 

1,920.021 

R33* 

2,040.924 

R34* 

2,160.826 

R35* 

2,250.029 

R36*  2,358.832 
R37*  2.540.838 
R38*  2.740.044 
R39*  2.938.050 
R40*  3.138.056 
R41*  3.320.102 
R42*  3.810.117 
R43*  4,290.132 
R44*  4,788.147 
R45*  5.278.282 
R46=  1.220.903 
R47-  1,340.086 
R48*  1.478.809 
R49*  1,590.812 
R50*  1,718.015 
R51-  1,080.019 
R52*  1,900.922 
R53=  2,000.024 
R54=  2,090.827 
R55=  2,170.030 
R56=  2,330.035 
R57=  2,498.840 
R58=  2,630.944 
R59=  2,770.049 
R60=  2,900.854 
R61—  3,240.105 
R62=  3,580.117 
R63=  3,920.129 
R64=  4,260.141 
R65=  1,240.003 
R66=  1,380.007 
R67=  1,528.011 
R68=  1,669.014 
R69=  1,880.018 
R78*  1.910.022 
R71=  2,020.025 
R72*  2,130.028 
R73*  2,240.932 
R74*  2,350.035 
RTS*  2,520.941 
R76*  2,780.048 
R77*  2,888.854 
R78*  3,058.100 
R79*  3,210.106 
R08*  3,620.120 
R81*  4,020.135 
R82*  4,438.150 
R83*  4,830.205 
R84*  1,260.004 
R85*  1,430.088 
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*86=  1,688.811  R136= 
887=  1,758.815  *137= 
888=  1,928.819  8138= 
889=  2,868.823  8139= 
898=  2,288.826  8148= 


R91=  2,338.838 
892=  2,468.832 
893=  2,578.835 
894=  3,888.842 
895=  3,838.848 
896=  3,268.855 
897=  3,198.181 
898=  3,788.187 
899=  4,258.122 
8188=  4,788.137 
8181=  5,338.152 
8182=  9,999.999 
8183=  1,298.884 
8184=  1,478.888 
8185=  1,658.813 
8186=  1,848.817 
8187=  2,818.821 
8188=  2,178.825 
8189=  2,328.829 
8118=  2,468.832 
8111=  2,638.836 
8112=  2,748.848 
8113=  3,828.847 
8114=  3,298.855 
8115=  3,578.183 
8116=  3,848.118 
8117=  4,128.117 
8118=  4,818.136 
8119=  5,588.155 
8128=  9, ,99.999 
8121=  9,999.999 
8122=  1,198.884 
8123=  1,288.887 
8124=  1,368.818 
8125=  1,458.814 
8126=  t, 548.817 
8127=  1,628.821 
8128=  1,718.824 
8129=  1,888.827 
8138=  1,888.831 
8131=  1,978.834 
8132=  2,148.841 
8133=  2,388.847 
8134=  2,468.854 
8135=  2,628.181 


2,788. 187 
3,158.123 
3,528.137 
3,878. 152 
4,278.287 
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4.3  THE  E-2B  CROSSWIHD  LAHDIHG  LIBHAIIDMS  PBOGRAH 

See  the  explanation,  flowchart  and  code  for  the  E-2C  pro¬ 
gram. 

4.4  SiilU  H flgfilfl  QS&UHQ& 

Rather  than  repeat  the  scenario  improvised  for  the  E-2C,  a 
set  cf  program  runs  are  listed  here  that  the  user  may  use  to 
verify  program  operation. 

4. 4 . 1  FPAS 

Prompt  liSBCBSS 


**E2B  FPAS** 

START 

KBY 

11 

BASIC  WT  -  ? 

360  00 

B/S 

CABGO  WT  *  ? 

50 

R/S 

HO,  CHEW  -  ? 

PROFILE? 

••BAX  RAHGB* 

5 

BARGE 

R/S 

ALT  -  FT? 

250  00 

R/S 

OAT  -  C"* 

-15 

R/S 

IAS  *  Ci'S? 

165 

R/S 

FOEL  -  LBS? 

GS«AVAIL?  T/H 

9500 

YES 

R/S 

GS  -  KTS? 

250 

B/S 

•DATA  READY* 

R/S 

or  KEY  21 

*BCSD  BB  IAS 
•PBESEWT  ALT 

*BB  IAS-  172  R/S 

*BH  TAS-  271  R/S 

•HI  *  9  B/S 

BC8D  CBS  CLG 
CC  «  276  00 
GW  »  46550 
(JPDATS  •  30B 


B/S 

R/S 

B/S  to  repeat  data 
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BID  OR 

KEY 

13 

**HAX  BIDOB* 

ALT  *  FT? 

250  00 

R/S 

OAT  »  C? 

-  15 

a/s 

IAS  *  KTS? 

150 

R/S 

FTJEL  »  LBS? 

6000 

R/S 

*0 ATI  READY* 

R/S 

or  KEY  21 

♦RCHD  MS  IAS 

♦PRESENT  ALT 

♦HE  IAS  *  121 

R/S 

G*  ■  43050 

R/S 

OPDATB  e  308 

R/S 

to  rep«at 

DESCENT 

KEY 

14 

*HB  DESCENT* 

ALT  *  PT? 

250  00 

R/S 

FUEL  »  LBS? 

4000 

R/S 

L/O  ALT  *  ? 

20  00 

R/S 

DS ID, DIST- 39 

a/s 

**  HOTE  ** 

OP DTE  MRD, IAS 

EVERY  2000PT 

OSE  500  SHP 

MRD  IAS  «  146 

R/S 

IBB  ALT  *  ? 

230  00 

R/S 

MRD  IAS  »  148 

R/S 

ate. 

4.4.2  BINGO 

g£g  1££  Hesggase 


**E2B  BINGO* 

START 

KEY  11 

DIST  TO  GO  ? 

SELECT.  . 

95 

R/S 

BEGS ,  GR,  PL PS 

2E 

2  ENGS 

GO 

GEAR  OP 

FLAPS  1/3.. 

P 13 

TPR  KKY  15 
B/S 
H/S 
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7FB,  IFB? 

PB  »  3030 
TB  =  0.29 
BCHHD  ALT  * 
10000  FT 
DIST  »  95 
S.L.  IIS  «  147 
DEC  1KT/1KFT 
OSE  S.P.a  932C 


a/s 

B/S 

B/S 

B/S 

B/S  to  repeat  data 


4.4.3  ciaggjiflj  lAadlaa 

Refer  to  section  describing  program  operation  for  the  E-2C. 


Chapter  T 

THE  C— 2 A/ HP— 41 C T  PBOGRAHS 

As  in  the  case  of  the  E-2B,  programs  for  the  C-2A  were  mo¬ 
deled  after  the  E-2C. 

5.  1  IBS  C-2A  PPAS  PROGRAM 

Prograa  initiation  and  "b  utton- ology"  are  similar  to  that 
for  the  other  two  aircraft.  The  DESCENT  profile  for  the 
C-2 A  is  siailar  to  that  for  the  B-2B.  An  equation  for 
cruise  ceiling15  could  not  be  devised  froa  inforaation  avai¬ 
lable  in  the  NATOPS. 14  The  Saaple  Prograa  Operation  section 
gives  an  example  of  typical  responses. 

The  following  pages  are  the  flowcharts  for  the  C-2A  FPAS 
and  are  notated  to  correspond  to  the  HP-4  lev  code  that  fol¬ 
lows. 


15  Interestingly  enough,  one  aay  obtain  the  service  ceiling 
fcr  the  C-2A  although  this  parameter  has  little  utility 
tc  fleet  operators.  A  aethod  of  obtaining  cruise  ceil¬ 
ing,  the  optiaal  altitude  to  fly  aax  range,  would  seen  to 
be  aore  important  for  an  aircraft  that  can  regularly  use 
aax  range  profiles. 


»•  Osers  of  this  prograa  are  advised  that,  like  the  E-2B 
NATOPS,  few  corrections  have  been  made  to  Chapter  11  m 
spite  of  major  changes  to  the  aircraft.  if  these  pro¬ 
grams  do  not  conform  to  actual  perforaance,  the  prograa 
methodology  should  at  least  provide  a  format  for  future 
acdif ications. 
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01*LBL  -STF- 
02  CF  01 
03  CF  02 
04  CF  83 
05  CF  04 
96  CLRG 

0?  "»*C2A  FPflS**' 
08  AVIEH 
09  PSE 

10  'BASIC  MT  *  >• 

11  PROMPT 

12  STO  00 

13  -CARGO  MT  =  ?• 

14  PROMPT 

15  + 

16  STO  08 

17  -NO.CREM/PAX=?- 

18  PROMPT 

19  288 

20  * 

21  RCL  08 

22  t 

23  STO  98 

24  -PROFILE?' 

25  PROMPT 
26*LBL  B 

27  SF  91 

28  CF  92 

29  CF  93 

38  -«*MAX  RAHGE*" 

31  AVI EH 

32  PSE 

33  XEQ  88 

34  RCL  93 

35  15 

36  - 

37  RCL  02 

38  198  E-5 

39  » 

40  + 

41  STO  95 

42  342  E- 10 

43  397  E- 15 

44  RCL  92 

45  » 

46  - 

47  RCL  92 

48  * 

49  .0819574 
58  - 


51  RCL  82 

52  * 

53  146.95 

54  + 

55  .801235 

56  1546  E-12 

57  RCL  91 

58  * 

59  - 

69  RCL  81 
61  * 

62  + 

63  RCL  92 

64  LH 

65  .1518 

66  * 

67  + 

68  STO  13 
69*L8L  91 
78  RCL  92 

71  -6875  E-9 

72  * 

73  I 

74  + 

75  5.2563 

76  m 

77  STO  15 

78  RCL  94 

79  661.7 

80  / 

31  Xt2 
82  .2 

83  * 

84  1 
35  + 

86  3.5 

87  m 

38  1 

39  - 

98  RCL  15 

91  i/X 

92  * 

93  1 

94  * 

95  .286 

96  m 

97  I 

98  - 

99  5 
100  * 


191  STO  98 

102  .2 

103  * 

104  1 

105  + 

106  1/X 

107  RCL  03 
198  * 

109  STO  89 
118  1936  E-6 
111  * 

112  RCL  92 

113  1508 

114  - 

115  2112  E-8 

116  * 

117  + 

118  EtX 

119  .982 

120  * 

121  STO  19 

122  FS?  81 

123  GTO  03 

124  GTO  18 
!25*LBL  82 

126  2CL  92 

127  91  E-6 

128  * 

129  EtX 

130  1  E-7 

131  * 

132  RCL  13 

133  2.852 

134  VtX 

135  * 

13-  STO  97 
137  RTN 
138*LBL  83 
139  RCL  84 
148  RCL  10 

141  * 

142  STO  11 

143*LBL  04 

144  -GS, AVAIL?  Y/H* 

145  PROMPT 
146*LBL  E 

147  -GS  =  KTS?" 

148  PROMPT 

149  STO  16 

150  RCL  11 
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151  RCL  16 

201  * 

251  RCL  10 

152  - 

202  - 

252  * 

153  STO  12 

203  RCL  12 

253  STO  11 

154  CTO  95 

204  * 

254  BEEP 

155*LBL  J 

285  RCL  13 

255  ■•DflTP  READY* 

156  ‘INPUT  HINDS..' 

286  + 

256  PROMPT 

157  flVIEM 

287  STO  13 

257  GTO  F 

158  PSE 

288  FS’  03 

258*L8L  1 

159  ‘HIND  DIR  =  ?* 

209  RTN 

259  SF  83 

168  PROMPT 

218  GTO  18 

260  CF  01 

161  STO  17 

2U*LBL  88 

261  CF  82 

162  ‘HIND  VEL  =  ?* 

212  ‘ALT  =  FT?- 

262  **MR  DESCENT* 

163  PROMPT 

213  PROMPT 

263  PVIEH 

164  STO  18 

214  X<0? 

264  PSE 

165  -fl/C  HUG  =  ?‘ 

215  10 

265  "ALT  =  FT’- 

166  PROMPT 

216  STO  82 

266  PROMPT 

167  STO  19 

21?  ‘OPT  =  C?* 

267  STO  82 

168  RCL  17 

2i8  PROMPT 

268  -FUEL  =  L8S’- 

169  - 

219  STO  83 

269  PROMPT 

179  PBS 

228  ‘IPS  =  KTS?" 

270  RCL  08 

171  COS 

221  PROMPT 

271  + 

172  RCL  18 

222  STO  04 

272  STO  91 

173  * 

223  ‘FUEL  =  LBS’- 

273  -L/0  ALT  =  ?• 

174  STO  12 

224  PROMPT 

274  PROMPT 

175  RCL  11 

225  RCL  08 

275  STO  20 

176  RCL  12 

226  ♦ 

276  RCL  82 

177  - 

227  STO  91 

277  - 

178  STO  16 

228  RTN 

278  CHS 

179  RCL  12 

229*LBL  C 

279  RCL  91 

180*LBL  05 

230  SF  82 

280  35880 

181  X<0’ 

231  CF  01 

281  - 

182  GTO  97 

232  CF  93 

282  134367  E-13 

1 83*LBL  06 

233  ”**MAX  ENDUR** 

283  * 

184  .5 

234  AVI EH 

284  1676  E-6 

185  RCL  92 

i  235  PSE 

285  + 

186  1  E-5 

236  XE8  08 

286  * 

187  * 

237*LBl  99 

287  FIX  8 

188  - 

238  RCL  91 

288  “BSHT » DIST=" 

189  RCL  12 

239  .0816 

289  ARCL  X 

199  * 

248  * 

298  PROMPT 

191  RCL  13 

241  46 

291*LBL  11 

192  + 

242  ♦ 

292  19098 

193  STO  13 

243  STO  13 

293  RCL  82 

194  FS?  83 

244  GTO  81 

294  X>Y? 

195  GTO  14 

245*LBL  18 

295  GTO  12 

1%  GTO  10 

246  XE6  82 

296  RCL  82 

197*LBL  87 

247  RCL  13 

297  -1413  E-8 

198  .3 

248  RCL  07 

298  * 

199  RCL  82 

249  - 

299  EtX 

208  5  E-6 

258  STO  14 

300  166.783 
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C-21/PP1S/HP-41C7  Code  (Jane  198  2;  3/3) 


301  * 

351  * 

401  PROHPT 

302  XEQ  16 

352  EtX 

402  -GH  =  ’ 

303  CTO  13 

353  9814  E-7 

403  BRCL  81 

3044JL  12 

354  * 

404  PROHPT 

305  RCL  02 

355  RCL  81 

405  -UPDATE 

306  CHS 

356  35008 

406  BVIEH 

307  5077  E-9 

357  - 

487  PSE 

308  * 

358  * 

408  GTO  20 

309  ETX 

359  + 

4094LBL  G 

310  151.503 

360  RTH 

418  CF  80 

311  * 

361+LBL  F 

411  CF  01 

312  XEQ  16 

362  FIX  0 

412  CF  82 

313*LBL  13 

1  363  FS?  01 

413  CF  03 

3 14  STO  13 

364  GTO  17 

414  CF  84 

315  RCl  12 

I  365  FC?  01 

415  FIX  4 

316  X>0? 

366  GTO  19 

416  ax 

317  GTO  06 

!  367*LBL  17 

417  END 

318  XEQ  07 

368  -*RCHD  HR  IBS- 

319*LBL  14 

369  BVIEH 

320  XEQ  02 

370  PSE 

321  RCL  13 

371  -*PRESEHT  ALT* 

322  RCL  87 

372  BVIEH 

323  - 

373  PSE 

324  STO  14 

374*LBL  18 

325  FS’  04 

375  **HR  IBS=* 

326  GTO  15 

376  BRCL  14 

327  *  **  HOTE  *«' 

377  PROHPT 

328  BVIEH 

378  -*HR  TAS=" 

329  PSE 

379  BRCL  11 

330  -UPBTE  HRD, IRS* 

380  PROHPT 

331  flVIEH 

381  -*HH  =  • 

332  PSE 

382  BRCL  12 

333  ’EVERY  2000FT' 

383  PROHPT 

334  flVIEH 

384  -GH  =  • 

335  PSE 

385  BRCL  01 

336  -USE  500  SHP- 

386  PROHPT 

337  flVIEH 

387  -UPDATE  e  38H- 

338  PSE 

388  BVIEH 

339  SF  04 

389  PSE 

340HBL  15 

390  GTO  18 

341  -HRJ  IBS=" 

391*LBL  19 

342  BRCL  14 

392  ■♦RCHD  HE  IBS- 

343  PROHPT 

393  flVIEH 

344  "HEM  ALT  =  ?* 

394  PSE 

345  PROHPT 

395  •♦PRESENT  ALT- 

346  STO  82 

396  BVIEH 

347  GTO  11 

397  PSE 

348H8L  16 

398*LBL  20 

349  RCL  82 

399  •♦HE  IAS=* 

350  2389  E-8 

400  BRCL  14 
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s.1.3  fiaisiaiaa  gaa&llag 

As  is  the  case  for  the  E-2B,  equations  coeaon  to  the  E-2C 
proqrae  will  not  be  listed.  Headwind  corrections  are  the 
saae  for  the  C-2A  as  the  E-2C. 

Hax  Bange  Calibrated  Airspeed:  HRCAS  ■  £ (PA,Gfl) 

H8CAS  *  146.95  -  .0019574  (PA)  ♦  .001235  (GW) 

♦  342E-10(PA)**2  -  3  97E-15  (PA)  **3  - 
-  1546E-12  (GW)  ***2  ♦  . 151 8LN (PA) 

Hax  Endurance  Calibrated  Airspeed:  HECAS  «  f  (GW) 

HECAS  »  46  ♦  .0016  (GW) 

Descent  Distance:  DD  »  f (PA, LOP ArGB) 

ED  *  (PA-LOPA)  ( (GS-35000)  (13  4367B- 13)  «■  1676E-6) 

Hax  Bange  Descent  CAS  (>10000):  HBDCAS  >  f(PA,GH) 

HBDCAS  *  151 .503exp  (  (-5077E-  9)  (PA)) 

♦  (GB-35000)*9014E-7exp(  (2389E-8)  (PA)) 

Hax  Bange  Descent  CAS  (<10000):  HBDCAS  *  f(PA,GB) 

HBDCAS  *  166.783exp(  (-  141  3E-  8)  (PA)) 


♦  (GH-35000)*9014E-7exp  ( (2389E-8)  (PA)) 
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5.2  xa£  C-2 A  BIHGO  PBOCBAH 

There  are  only  three  configurations  to  choose  froe  when  set¬ 
ting  up  a  BINGO  profile  for  the  C-2A.  So  choices  are  al¬ 
lowed  for  possible  stuck  flap  situations.  The  three  co¬ 
nfigurations  allowed  are:  2EG0P0,  2EGDP0,  and  SEGOPO. 

It  is  interesting  to  note,  also,  that  the  fuel  reguired 
values  for  the  C-2A  are  not  rounded  off  to  the  nearest  five 
pound  increaent,  and  instructions  are  included  on  how  to  ad¬ 
just  the  fuel  reguired  for  variations  in  weight  above  or  be¬ 
low  45000  pounds  gross  weight.  The  C-2A  BINGO  progran  re¬ 
flects  all  of  these  differences  while  still  retaining  the 
basic  operating  principles  of  the  E-2C  and  E-2B  programs. 

Program  initiation  is  somewhat  more  extensive  than  the 
other  two  programs  since  the  C-2A  program  requires  gross 
weight.  The  Sample  Program  Operation  section  presents  a  de¬ 
tailed  example  of  how  the  program  works. 

The  following  flowcharts  record  the  algorithm  for  the 
C-2 A  BINGO  program.  Line  numbers  next  to  function  blocks 
reference  line  numbers  in  the  code  listing  that  follows  the 


flowcharts 


LBL  STB 


41 


C-2A  BINGO 


xEQ  SIZ€  06S 


C-2A  BINGO 


Conf Iguratton* 

1  2EQUFU 

2  2ECDFU 

3  SEGUFU 


no 


C-2A  BINGO 


03 


Recall  Indirect 
tne  aadrees 
calculated  (RCL 
INO  x) 


X 


193 


/  BCMO  ALT  - 
/  „  ABCL01 

/  APSCnD  ARCL07 


02 A  BIH  GO/HP-4 1CV  Code  (Jane  19  82;  1/3) 
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01 *161  "STB* 

82  CF  01 
03  CF  02 
04  CF  03 

05  -**C2A  BINGO*' 

06  (WIEN 
07  PSE 

08  -BIST  TO  GO  ?* 

09  PROMPT 

10  STO  00 

11  -BflSIC  NT  =  ?■ 

12  PROMPT 

13  STO  08 

14  -CPBGO  NT  =  ?* 

15  PROMPT 

16  RCL  08 

17  ♦ 

18  STO  08 

19  "HO.CREM/PAX=?" 

20  PROMPT 

21  200 
22  * 

23  RCL  08 

24  ♦ 

25  STO  88 

26  -FUEL  *  LBS’- 

27  PROMPT 

28  RCL  08 

29  + 

30  STO  08 

31  FIX  8 

32  -GM  *  ■ 

33  0RCL  X 

34  PROMPT 

35  'SELECT..' 

36  AVIEM 

37  PSE 

38  -CFGH*2E:SE,GU:D' 

39  PROMPT 
40*LBL  B 

41  *2  ENGS' 

42  PROMPT 
43H.BL  G 

44  SF  83 

45  CF  81 

46  CF  02 

47  -SINGLE  ENG...* 

48  AVIEM 

49  PSE 

50  *S£=GU.FU,0NLY.. 


51  AVIEM 

52  PSE 

53  GTO  08 
54HBL  C 

55  SF  01 

56  CF  02 

57  CF  03 

58  -GEAR  UP..* 

59  flVIEH 

it |  pcc 

61  -CFGN=2EGUFU..- 

62  AVIEM 

63  PSE 

64  GTO  08 
65*LBL  H 

66  SF  82 

67  CF  01 

68  CF  03 

69  -GEAR  DOHN..- 

70  AVIEU 

71  PSE 

72  -CFGN=2EGDFU..‘ 

73  AVIEH 

74  PSE 
75KBL  88 

76  •  VFR,  IFR  ?* 

77  PROMPT 
78*LBL  E 
79  GTO  89 
80*LBL  J 
31  SF  80 
82H.BL  09 
33  FS?  01 

84  GTO  81 

85  FS?  82 

86  GTO  82 

87  GTO  83 
88*LBL  81 

89  -30000  FT* 

90  XEO  18 

91  159 

92  XEO  11 

93  '20000  FT- 

94  XEO  10 

95  119 

96  XEO  11 

97  -10008  FT- 

98  XEO  10 

99  59 

100  XEO  11 


101  GTO  16 
102*LBL  02 

103  *25000  FT- 

104  XEO  10 

105  139 
186  XEO  11 

107  *20006  FT- 

108  XEO  18 

109  99 

110  XEO  11 

111  -10000  FT* 

112  XEO  10 

113  39 

114  XEO  11 

115  GTO  16 
116*LBL  83 

117  ■  5000  FT* 

118  XEO  10 

119  89 

120  XEO  11 

121  GTO  16 
122*LBL  10 

123  ASTO  01 

124  ASHF 

125  ASTO  07 

126  RTN 
127*LBL  11 

128  RCL  08 

129  X>Y? 

130  GTO  17 

131  RTN 
132*LBL  15 

133  CF  00 

134  900 

135  ♦ 

136  RTN 
137*LBL  16 

138  *  SEA  LEVEL 

139  XEO  10 

140  0 

141  XEO  11 
142*LBL  17 

143  RCL  00 

144  181 

145  X>Y? 

146  GTO  18 

147  XOY 

148  201 

149  X>Y? 

150  GTO  19 


C-2A  BI* GO/HP-4  lev  Code  (June  19  82;  2/3) 
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151  RCL  m 

152  5 0 

153  / 

154  ENTERt 

155  IHT 

156  STO  03 

157  - 

158  STO  62 

159  RCL  83 

160  11 

161  GTO  28 
162+LBL  18 

163  RCL  80 

164  10 

165  / 

166  ENTERt 

167  INT 


168  STO 

83 

169  - 

170  STO 

82 

171  RCL 

83 

172  0 

173  CTO 

28 

174*LBL 

19 

175  RCL 

00 

176  28 

177  / 

178  ENTERt 

179  INT 

180  STO 

03 

181  - 

182  STO 

02 

183  RCL 

03 

184  5 

185*LBL 

20 

186  + 

187  FS? 

01 

188  8 

189  FS? 

82 

190  27 

191  FS? 

03 

192  46 

193  ♦ 

194  STO 

83 

195  RCL 

IHB  X 

196  ENTERt 

197  IHT 

198  STO 

04 

199  - 

200  STO 

85 

281  1 

251  CLA 

202  ST+  83 

252  ARCL  01 

203  RCL  IND  03 

253 

204  ENTERt 

254  ARCL  07 

205  INT 

255  PROMPT 

206  STO  06 

256  FIX  0 

297  - 

257  ‘  DIST  =  ' 

208  STO  83 

258  ARCL  80 

209  RCL  86 

259  PROMPT 

210  RCL  04 

260  FS?  81 

211  - 

261  165 

212  RCL  02 

262  FS?  82 

213  * 

263  148 

214  RCL  84 

264  FS?  83 

215  + 

265  165 

216  FS?  80 

266  "S.L.  IAS  =  ■ 

217  XEfl  15 

267  ARCL  X 

218  STO  04 

268  PROMPT 

219  RCL  88 

269  "8EC  1KT/1KFT- 

228  45008 

270  PROMPT 

221  - 

271  -USE  N.P.=  932C 

222  90000 

272  PROMPT 

223  / 

273  CTO  23 

224  RCL  04 

274  .END. 

225  * 

226  RCL  04 

227  ♦ 

228  STO  84 

R08=  0.880 

229  RCL  83 

R01=  1.800 

230  RCL  85 

R02=  2.000 

231  - 

R03=  3.000 

232  RCL  82 

R04=  4.000 

233  * 

R05=  5.800 

234  RCL  05 

R06*  6.000 

235  ♦ 

R07=  7.800 

236  10 

R88=  8.8O0 

237  * 

R09*  921.003 

230  STO  85 

R10»  1,044.006 

23M0L  23 

Rll*  1,166.009 

240  FIX  0 

R12-  1,288.012 

241  '  FR  *  • 

R13=  1,410.015 

242  ARCL  04 

R14*  1,506.821 

243  FIX  2 

R15*  1,602.824 

244  PROMPT 

R16»  1,699.827 

245  '  TR  =  • 

R17*  1,795.838 

246  ARCL  85 

R18*  1,891.832 

247  PROMPT 

R19*  2,853.041 

240  *RCNNi  ALT  *  * 

R20*  2,207.046 

249  WIEN 

R21=  2,356.102 

250  PSE 

R22=  2,485.107 

C-21  BI1G0/HP— 4 1CT  Code  (Jane  19  82;  3/3) 
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5.3  £U£1£  BBOSBlfl  OPERATION  (C-21) 


5.3.1  F?  is 

ZI2A21 

**C21  FPAS** 
BASIC  ST  *  ? 
CARGO  WT  *  ? 
HO.CREN/PAX*? 
PHOPIIE? 

♦•BAX  BARGE* 
AIT  *  FT? 

OAT  *  C? 

IAS  *  KTS? 
FUEL  *  LBS? 

GS  ,  AVAIL?  T/H 
INPUT  BINDS.  . 
SIND  DIB  »  ? 
BIND  TEL  »  ? 
A/C  HDG  »  ? 
♦DATA  BEAD!* 
♦HCHD  BB  IAS 
♦PRESENT  ALT 
♦BB  IAS  *  173 
♦  BB  TAS  *  271 
*HS  »  41 
GS  «  43100 
UPDATE  •  30B 


♦♦BAX  ENDUB* 
ALT  *  FT? 

OAT  »  C? 

IAS  »  KTS? 
FUEL  ■  LBS? 
♦DATA  BEADI* 

♦  BC8D  BE  IAS 
♦PRESENT  ALT 

♦  BB  IAS  *  110 


Response 

STABT 

R/S 

31000 

B/S 

2500 

B/S 

8 

B/S 

RANGE 

R/S 

25000 

R/S 

-15 

B/S 

165 

B/S 

8  000 

B/S 

NO 

KEY  25 

300 

B/S 

45 

B/S 

275 

R/S 

R/S  or  KEY  21 

B/S 

B/S 

B/S 

R/S 

R/S 

to  repeat 

EN  DUB 

KEY 

13 

20  000 

B/S 

-10 

R/S 

150 

B/S 

5000 

B/S 

B/S  or  KEY  21 


B/S 


60  *  40100 
OP DATS  e  308 


H/S 

S/S  to  repeat  data 
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DESCENT 

KEY 

14 

*BB  DESCENT* 

ALT  *  FT? 

26000 

B/S 

FUEL  *  LBS? 

7  000 

B/S 

L/C  ALT  *  ? 

1000 

B/S 

DSND,DIST*44 

B/S 

•*  NOTE  •* 

OPDTE  BSD, IAS 

EVERY  2000FT 

OSE  500  SHP 

BSD  IAS  *  153 

B/S 

NEB  ALT  *  ? 

24  000 

B/S 

BBD  IAS  *  154 

B/S 

etc 

BINGO 

££2££t 

Response 

START 

H/S 

**C2A  BINGO* 

DIST  TO  GO  ? 

85 

R/S 

BASIC  NT  *  ? 

31000 

R/S 

CABGO  NT  *  ? 

70  00 

B/S 

NO.CBEW/PAX-? 

10 

R/S 

FUEL  ■  LBS? 

45  00 

R/S 

GW  *  44500 

R/S 

SELECT.  . 

CFGN«2E:SE,G0:D 

2E 

2  ENGS 

GO 

GEAB  OP.. 

CFGI-2EGOFO.. 

VFR,  IFR  ? 

IFR 

FH  -  2632 

R/S 

TB  «  0.29 

B/S 

BCBVD  ALT  * 

10000  FT 

B/S 

DIST  »  85 
S.L.  IAS  «  165 
DEC  1KT/1KFT 
OSE  H.P.  *  932C 


B/S 

B/S 

B/S 

B/s  to  repeat  data 


5.3.3  Cygsgwi n<j  Landing 

Refer  to  section  describing  prograa  operation  for  the  E-2C. 


Chapter  VI 

BAIN  HE HO HI  ACCESSING  PBOGBAH 

Theory  of  operation  is  sieple  and  straight  forward.  One  of 
three  programs  loaded  in  aain  aeaory  should  have  set  one  of 
flags  8,  9,  or  10  when  loaded.  Bhen  a  new  prograa  is  re¬ 
quested,  a  prograa  check  for  the  flag  already  set  calls  a 
subroutine  that  clears  the  loaded  prograa.  The  new  prograa 
is  then  called  and  loaded. 

The  next  page  is  a  flowchart  for  this  algorithm,  and  the 
next  page  a  code  listing. 
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HH1P/HP-41CV  Code 


01*LBL  *FP- 
82  FS?  08 
03  XEQ  01 
04  FS?  18 
05  XEQ  93 
88  822 
07  PSIZE 
08  SF  09 
89  -E2CFPAS' 

10  GETP 

11  STOP 
12*CBL  *8G* 

13  FS?  09 

14  XEQ  82 

15  FS?  18 

16  XEQ  83 

17  142 

18  PSIZE 

19  SF  08 

20  -E2C8NG0- 

21  GETP 

22  ’E2CBDTA- 

23  GETR 

24  STOP 
25«L6L  -XU- 

26  FS?  88 

27  XEQ  81 

28  FS’  09 

29  XEQ  82 

30  SF  18 

31  -E2CXHL- 

32  GETP 

33  STOP 
34HBL  81 

35  CF  98 

36  -ST8- 

37  PCLPS 

38  RTN 
39HBL  82 

40  CF  89 

41  -STF- 

42  PCLPS 

43  RTN 
44H.8L  83 

45  CF  18 

46  ‘XML’ 

47  paps 

48  RTN 

49  END 


(Jane  1982;  1/1) 


814LBL  -FP- 

82  FS’  88 

83  XEQ  01 

84  FS?  18 

85  XEQ  83 
06  822 

07  PSIZE 

88  SF  89 

89  -E2BFPHS- 

10  GETP 

11  STOP 
12HJL  -BG- 

13  FS?  89 

14  XEQ  82 

15  FS?  10 

16  XEQ  83 

17  142 

18  PSIZE 

19  SF  08 

20  -E2BBNGO- 

21  GETP 

22  -E2BBDTA- 

23  GETR 

24  STOP 
25*LBL  -XN- 

26  FS’  88 

27  XEQ  81 

28  FS?  89 

29  XEQ  02 
38  SF  18 

31  -E2BXNL- 

32  GETP 

33  STOP 
344LBL  81 

35  CF  88 

36  -STB* 

37  PCLPS 

38  RTN 
394LBL  02 
48  CF  89 

41  -STF- 

42  PCLPS 

43  RTN 
44*LBL  03 

45  CF  18 

46  -XML- 

47  PCLPS 

48  RTN 

49  END 
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914LBL  -FP- 

82  FS’  88 

83  XEQ  01 
04  FS?  18 
05  XEQ  83 
86  822 

07  PSIZE 
88  SF  09 
99  -C2QFPQS- 
18  GETP 
11  STOP 
12*L8L  -BG* 

13  FS?  89 

14  XEQ  82 

15  FS?  18 

16  XEQ  83 

17  65 

18  PSIZE 

19  SF  88 

20  -CZflBNGO- 

21  GETP 

22  -C2ABDTA* 

23  GETR 

24  STOP 
25HBL  -XM- 

26  FS’  08 

27  XEQ  01 

28  FS?  09 

29  XEQ  02 

30  SF  18 

31  -C2QXML- 

32  GETP 

33  STOP 
34#LBL  81 

35  CF  08 

36  -STB- 

37  PCLPS 

38  RTN 
39H.BL  82 

40  CF  89 

41  -STF- 

42  PCLPS 

43  RTN 
44»LBL  83 

45  CF  18 

46  -XML- 

47  PCLPS 

48  RTN 

49  END 


I 
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Chapter  TII 
CALCULATOR  SHIELDING 

During  the  course  of  this  project,  an  opportunity  arose  in 
early  Hay  1982  to  travel  to  RVAS-110  at  NAS  Hiraaar  to  try 
several  methods  of  protecting  the  HP-41CT  from  electromag¬ 
netic  interference  (EHI)  in  the  E-2.  The  EHI  was  discovered 
to  adversely  affect  the  HP-41  during  an  informal  test  flight 
in  September  1981.  In  the  intervening  period,  discussions 
were  initiated  with  customer  support  engineers  at  Hewlett- 
Packard  to  seek  a  solution  to  the  problem. 

Best  of  their  suggestions  centered  around  providing 
shielding  for  the  calculator.  The  HP-41  uses  a  type  of  cir¬ 
cuitry  technology  referred  to  as  CHOS.  CHOS  is  sensitive  to 
external  EHI.  Program  flags  in  the  HP-41  are  apparently  set 
by  the  electric  field  incident  in  the  cockpit17  whenever  the 
main  beam  of  the  radar  passes.  Based  on  a  knowledge  of  the 
calculator,  it  is  reasonable  to  assume  that  one  of  those 
flags  turns  the  calculator  off.  No  damage  occurs  when  this 
happens,  either  physically  or  to  memory  and  circuitry.  But 
the  calculator  can  only  be  restored  to  operation  by  reseat¬ 
ing  the  batteries. 


17  Grumman  engineers  estimate  the  potential  of  this  field  at 
30  to  50  vclts  per  meter  in  certain  areas  of  the  cockpit, 
mest  notably  near  windows  and  mirrors. 

-  122  - 
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The  Hewlett-Packard  engineers  suggested  that  considera¬ 
tion  be  given  tc  conformal  coatings  for  the  calculator's 
circuits.  Conformal  coating  is  an  epoxy  like  resin  formed 
around  circait  parts.  The  resin  can  then  be  coated  with 
various  shielding  materials,  while  this  method  is  feasible, 
it  wculd  alsc  be  impractical.  Any  warranties  would  be  inva¬ 
lidated  and  repair  becomes  virtually  impossible. 

The  only  other  way  to  protect  the  HP-41  is  with  some  form 
of  external  shielding.  There  are  two  areas  of  the  calcula¬ 
tor  that  are  suspected  of  causing  the  most  problems:  a  lo¬ 
gic  board  directly  behind  the  key  pad,  and  a  display  driver 
hybrid  behind  the  LCD. 

The  HP  engineers  sent  two  types  of  special  purpose  plas¬ 
tic  tags  to  try  in  a  shielding  experiment.  The  first  was  an 
anti-static  bag,  the  type  used  to  enclose  various  electrical 
parts  for  shipment.  The  second  was  a  nickel  laminated  plas¬ 
tic  tag. 

Other  shielding  ideas  consisted  of  aluminum  foil  wraps 
with  appropriate  cutouts  and  a  metal  mask  similar  in  design 
to  the  overlay  masks  used  on  the  calculator  to  label  special 
use  keys. 

During  the  flight  in  early  may,  the  calculator  was  un¬ 
wrapped  from  a  full  aluminum  foil  shield  and  found  to  be  in 
operating  crder.  X  second  wrap,  below  the  first,  exposed 
only  those  areas  of  the  calculator  needed  to  view  output  and 
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operate  the  keys.  The  stainless  steel  aask,  Manufactured  by 
shop  personnel  at  HPS,  covered  the  keyboard  area.  The  cal¬ 
culator  was  held  in  the  vicinity  of  the  kneeboard  while  the 
foil  was  removed  in  sections  fro  a  the  bottoa  up.  The  calcu¬ 
lator  continued  to  work  the  entire  tiae;  the  steel  aask  re¬ 
mained  in  place.  It  appeared  at  this  point  that  previous 
apprehensions  concerning  failure  of  the  calculator  in  the 
E-2's  SHI  environment  were  unfounded.  However,  by  placing 
the  calculator  against  the  overhead  hatch  (an  obvious  ex¬ 
treme)  ,  the  phenomena  previously  explained  was  duplicated. 
The  batteries  were  reseated  and  operation  restored. 

At  this  point,  the  anti-static  bags  were  used  and  found 
to  be  totally  unacceptable  for  shielding  the  calculator. 
The  nickel  laminated  bags,  however,  worked  quite  well,  only 
one  was  required.  These  bags  will  be  used  again  in  future 
efforts  if  new  shielding  problems  arise.  Their  aain  disad¬ 
vantage,  however,  is  the  dark,  translucent  coloring  that 
makes  them  somewhat  difficult  to  see  through.  Lighting  ex¬ 
periments  would  have  to  be  conducted  to  determine  the  amount 
of  night  lighting  required  to  use  them.  Day  light  use  ap¬ 
pears  to  be  no  problem. 

Hone  of  the  above  experimentation  could  be  examined  under 
the  light  of  strict  compliance  with  scientific  principles. 
Ho  formal  or  rigorous  treatment  of  electromagnetic  propaga¬ 
tion  theory  has  been  delved  into.  The  work  performed,  how- 
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ever,  is  sufficient  to  warrant  continued  work  with  the 
HP-4  lev  in  the  2-2  cockpit.  Original  fears  that  the  calcu¬ 
lator  would  not  work  at  all  were  unfounded.  Currently,  it 
appears  that  the  only  shielding  actually  required  is  the 
stainless  steel  aask.  This  arrangeaent  probably  serves  to 
protect  the  logic  board  behind  the  key  pad.  It  is  also  ia- 
portant  to  point  out  that  the  Extended  Punctions  aodule  and 
two  Extended  fleaory  nodules  were  installed.  The  presence  of 
these  aodules  aay  have  had  a  net  shielding  effect  for  the 
display  driver  hybrid  behind  the  LCD. 


Chapter  Tin 

PROG SAB  LOADING  INSTRUCTIONS 

Basic  to  under standing  the  instructions  listed  here  is  a 
familiarity  with  the  HP-41 C7.  Chapter  I  gives  a  brief  over¬ 
view,  but  users  are  encouraged  to  read  docuaentation  provid¬ 
ed  with  the  calculator  by  Hewlett-Packard  and  becoae  famil¬ 
iar  with  programing  and  basic  functions.  The  HP-41CT  is 
easier  to  learn  than  aost  programmable  calculators  and  the 
RPN  logic  should  not  be  a  deter ent.  Once  learned,  RPN  is 
easier  than  standard  operating  procedures  on  other  calcula¬ 
tors. 

It  is  assumed  that  all  programs  for  one  particular  air¬ 
craft  are  loaded  on  magnetic  storage  cards  (aagcards) .  The 
total  number  of  magcards  varies  for  each  aircraft,  but  the 
operating  principles  are  the  same.  In  those  cases  where 
there  is  an  aircraft  or  program  dependent  label  or  instruc¬ 
tion,  that  instruction  will  be  written  in  an  E-2C/B- 2B/C-2A 
format. 

It  is  also  assumed  that  one  Extended  Eunctions/Hemory  mo¬ 
dule  and  two  Extended  Heaory  modules  are  mounted  in  the  cal¬ 
culator.  Read  the  HP  instructions  carefully  so  that  modules 
are  located  in  the  proper  position.  The  following  figure  is 
an  end  view  of  the  calculator  with  a  suggested  mounting  ord¬ 
er.  Attention  to  proper  mounting  order  is  important. 
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X  FUNCTIONS 

X  MEMORY 

X  MEMORY 

Figure  2:  Suggested  Nodule  Mounting  Order 


Without  the  modules,  the  calculator  will  accomodate  only 
the  FPAS  or  the  BINGO  program,  not  both-  XWL  could  possible 
loaded  with  either  one.  More  than  one  calculator  would  be 
required  to  have  all  programs  without  the  modules.  (Using 
modules  is  less  expensive) . 

If  the  program  is  not  already  loaded  on  magcards,  manual 
entry  will  be  required.1*  The  FPAS  and  BINGO  programs  each 
involve  several  hundred  separate  entries.1*  Once  loaded,  ap¬ 
propriate  user  labels  will  have  to  be  assigned;  refer  to 
program  code. 

In  the  following  instructions,  an  underlined  label  refers 
to  a  function/mode  key,  boldface  refers  to  alpha/numer ic  en¬ 
tries. 


i*  Sme  appendix  A  for  data  loading  instructions  for  BINGO 
data. 

19  Users  desiring  a  set  of  magcards  are  encouraged  to  send 
about  20  blank  cards  for  loading  from  the  master  program. 
Addresses  are  listed  in  Appendix  B. 
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1.  Calculator  on,  set  qs EH  node.  OSEH  aode  should  be  on 
during  the  entire  procedure. 

2.  ISfi  SIZE  022  <ie.  SJft  ALPHA  SIZE  022) 

3.  Insert  each  aagcard  in  order,  side  one,  then  side  two. 

4.  After  the  last  card  is  loaded,  the  window  displays 
"HORNING"  to  indicate  that  prograa  antry  is  complete  and 
the  code  is  being  packed. 

5.  ALPHA  SIP, E2CFPAS/STF,E2BFP AS/STF,C2APP AS  ALPHA:  XEQ 

SATBP  (This  instuction  loads  FPAS  into  Extended  Memory) . 

6.  XEO  EH DIB  The  display  should  respond  with 
"E2CFP AS/E2BFPAS/C2AFP  AS  nnn",  indicating  successful 
loading  of  the  prograa  into  Extended  Meaory) . 

7.  XEQ  CLP  STF  (Clear  FPAS  froa  aain  aeaory)  . 

8.  132  SIZE  1*1 

9.  load  prcgraa  cards  for  the  BINGO  prograa. 

10.  ALPHA  CLB  STB,E2CBBGO/STB, E  2BBH GO/STB, C2ABHGO  ALPHA 

11.  132  SAHEP 

12.  XJ2  CLP  STB 

13.  0.140/0.140/0.065  ENTER 

14.  XEQ  ROT  AX  (After  ALPHA  pressed,  display  prompts  for 
EINGO  data  cards) . 

15.  ALPHA  C1R  E2CBDTA/E2BBDT A/C2ABDTA  AlfES* 

16.  141/141/66  ENTER 

17.  CHPLD 

18.  X£2  SAFER 

19.  132  CLEG 

20.  Load  XHL  prograa  card. 

21.  ALPHA  CLR  XHL,B2CXIL/XHL,E2 BXIL/XWL,C2AXWL  ALPHA 

22.  XE2  SATEP 

23.  132  CLP  XHL 

24.  Load  ccntrol  prograa  card. 

25.  SHIFT  220..  (This  procedure  is  very  important.  The 
calculator  will  pack  the  control  program  and  place  an 
END  statement  at  the  end  of  the  code.  Failure  to  do 
this  will  result  in  soae  very  strange  responses  froa  the 
calculator) 
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The  calculator  is  now  fully  loaded  and  ready  to  run.  Re¬ 
fer  to  the  section  in  each  chapter  regarding  how  to  access 
certain  prograss  for  correct  operation. 


Chapter  IX 
KNEEBOARD  DESIGH 

When  this  project  was  first  proposed  to  the  NADC  engineer20 
in  charge  of  sponsoring  PPAS  efforts,  a  request  was  made  to 
look  into  a  design  for  incorporating  the  HP-41CV  in  a  conve¬ 
nient  kneeboard  format.  Based  on  ideas  and  conversations 
with  pilots  froe  various  aircraft  coaaunities,  the  design  on 
the  following  pages  is  being  submitted  for  consideration. 

The  design  seeks  to  minimize  size  and  weight,  yet  retain 
room  to  write  on  standard  5X8  cards  issued  by  the  ship  for 
card-of-the-day  purposes.  The  current  design  uses  the  stan¬ 
dard  issue  kneeboard.  The  top  was  removed  and  raised  by  a 
spacer  to  accomodate  the  thickness  dimension  of  the  HP-41. 
A  cutout  in  the  top,  left  of  center  and  aft,  allows  the  cal¬ 
culator  to  be  dropped  into  a  sleeve.  Velcro  on  the  bottom 
of  the  calculator  and  on  the  sleeve  holds  the  calculator  in 
place.  The  sleeve  is  shaped  to  let  the  calculator  face  lie 
flush  with  the  top  face  of  the  kneeboard. 

The  light  assembly  and  lower  clip  have  been  removed.  A 
separate  clip  board,  purchased  from  a  civilian  source  and 
slightly  larger  than  5X8,  is  attached  with  a  hinge  to  the 
upper  clip.  A  5X8  paper  pad  will  fit  on  the  clip  board,  and 
a  3X5  paper  pad,  adjacent  to  the  calculator,  fits  into  the 

20  sr.  Sichael  Herskovitz 
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upper  clip.  A  snail  area  immediately  to  the  right  of  the 
calculator  face  could  be  used  to  tape  a  snail  reference  card 
to  enhance  use  of  the  calculator. 

The  next  page  shoes  construction  details  for  the  knee- 
board.  The  following  pages  are  photographs  of  the  kneeboard 
constructed  by  Aeronautical  Engineering  shop  personnel  at 
NPS.  Ho  provisions  have  been  aade  for  an  integrated  light. 
The  lights  that  cone  with  a  kneeboard  seldon  work  for  an  ex¬ 
tended  period;  cockpit  auxiliary  lights  should  be  sufficient 
for  illumination. 
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Kneeboard/HP-41CV  construction  Details 


Chapter  Z 

COSCLOSIOIS  AHD  RB COBH EHD1TIONS 
A  nueber  of  auxiliary  topics  were  generated  in  the  course  of 
preparing  this  report.  Many  are  outside  the  scope  of  this 
work  but  are  included  here  for  future  reference. 

10.1  coiciosiois 

1.  The  HP -4 lev  is  currently  one  of  the  aost  advanced  han¬ 
dheld  programmable  calculators  available.  There  are, 
however,  pocket  sized  comou ters  that  use  microprocessor 
technology  that  should  be  examined  for  potential.  Many 
are  faster  when  accessing  specific  data,  but  they  may  be 
more  difficult  to  learn  and  and  to  maintain  in  a  squa¬ 
dron  environment.  Compliance  with  PTC  regulations  must 
also  be  confirmed  for  operation  in  aircraft. 

2.  The  kneebcard/HP-41cv  combination  should  alleviate  prob¬ 
lems  and  concerns  generated  with  regards  to  additional 
loose  items  in  the  cockpit.  Other  coaaunities  interest¬ 
ed  in  using  the  HP-4  lev  are  encouraged  to  consider  this 
cr  a  similar  kneeboard  design. 

3.  The  kneeboard  say  provide  additional  SHI  protection  for 
the  HP-4  lev  in  the  E-2.  Other  agencies  would  have  to 
conduct  appropriate  testing  to  confirm  this,  however. 
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4.  The  HP-4 1C7  can  be  used  by  aircrew  not  faailiar  with  the 
BP-4  1CV  cr  handheld  programmable  calculators.  However, 
at  least  one  person  per  squadron  should  be  thoroughly 
faailiar  with  how  the  calculator  works  in  order  to  aain- 
tain  software  and  prograa  status. 

5.  The  potential  to  reduce  fuel  consuaption  in  fleet  air¬ 
craft  is  probably  liaited.  The  true  benefit  to  having 
the  capabilities  represented  by  PPAS  prograa  is  the 
ability  tc  stretch  out  a  critical  situation,  such  as  a 
low  fuel  state  BINGO.  The  use  of  PPAS  in  conjunction 
with  safety  of  flight  prograas  such  as  BINGO  will  gain 
greater  acceptance  than  as  a  fuel  conservation  aid. 

6.  Curing  the  ESI  effects  test  flight,  the  original  version 
cf  the  E-2C  PPAS  contained  readouts  for  fuel  flow  and 
horsepower  to  fly  IAS.  These  values  were  found  to  be 
radically  inaccurate,  however,  and  the  equations  to  gen¬ 
erate  those  values  have  been  eliainated  from  all  three 
FPAS  prograas.  The  original  purpose  in  including  such 
calculations  wan  to  enable  the  pilot  to  calculate  fuel, 
tine  and  distance  to  go  parameters.  With  a  calculator 
handy,  however,  such  parameters  can  easily  be  computed 
assuming  the  linear  fuel  consuaption  nature  of  the  E-2 
and  C-2. 
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10.2  B  gCOHBCT DITTO MS 

1.  It  is  recommended  that  a  validation  of  the  programs  in 
this  report  he  undertaken.  In  that  regard,  research 
funds  have  been  requested  through  UPS  in  order  to  pur¬ 
chase  at  least  one  sore  calculator  and  appropriate  peri¬ 
pherals  to  support  software  and  continuing  research. 
Validation  efforts  will  be  conducted  in  cooperation  with 
HA  DC. 

2.  If  there  is  interest  in  the  C-2  community  in  a  valida¬ 
tion  effort,  request  they  contact  HADC  or  myself  for  as¬ 
sistance. 

3.  Consideration  should  be  given  to  incorporating  a  vali¬ 
dated  suite  of  programs  into  a  ROM  chip  obtained  under 
contractural  agreement  with  Hewlett-Packard. 

4.  Fending  approval,  or  failing  to  approve,  a  ROM  chip, 
consideration  should  be  given  to  having  program  code 
converted  to  printed  bar  code  for  non-volatile  storage. 
The  ship  environment  may  be  too  precarious  for  magcards 
to  retain  microcode  accurately  over  an  extended  period 
cf  time  on-board. 

5.  Cpon  incorporation  of  the  HP-41CV  into  daily  flight  op¬ 
erations,  at  least  one  officer  per  squadron,  preferably 
from  the  NATOPS  Department,  should  be  appointed  to  be  in 
charge  of  coordinating  the  squadon's  use  of  the  calcula¬ 
tor.  Besponsibilities  would  include  loading  and  check- 
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ing  of  hardware,  coordination  of  warranties/naintenance, 
and  instruction  of  squadron  aircrew  in  the  use  of  the 
calculator. 

6.  Eininua  E-2/C-2  squadron  inventory  of  HP-4  ICY  calcula¬ 
tors  and  peripherals  should  include  the  following:  four 
(4)  HP-4  ICY  calculators  with  one  (1)  Extended  Functions/ 
Henory  nodule  and  two  (2)  Extended  Nenory  nodules  per 
calculator;  two  (2)  aagnetic  card  readers;  one  (1)  prin¬ 
ter/plotter;  and  one  (1)  optical  wand  (assuning  bar  code 
is  available). 

7.  Eevelopnent  of  other  programs  to  enhance  safety  of 
flight  and  fuel  efficient  operation  should  be  researched 
and  incorporated.  The  linitation  on  this  effort,  howev¬ 
er,  is  the  anount  of  nenory  space  available  in  the  cal¬ 
culator.  This  linitation  is  relieved  if  more  than  one 
calculator  at  a  tine  can  be  used. 

8.  Bequest  infornation  be  forwarded  concerning  the  validity 
cf  using  the  current  issue  of  the  E-2B  and  C-2A  Natops 
Hanuals  for  FPAS  and  BINGO  prograns.  if  SOP  or  aore 
current  infornation  is  available,  it  should  be  incorpo¬ 
rated. 

9.  Incorporate  wind  at  altitude  corrections  into  the  E-2 
and  C- 2  BINGO  prograns. 

10.  Research  into  designing  the  BINGO  prograns  denonstrated 
that  a  nicrocoeputer  based  BINGO  progran  could  be  de- 
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signed  for  nse  by  the  ship  to  quickly  plan  the  fuel  re¬ 
quired  values  for  all  airving  aircraft  for  each  recov¬ 
ery.  such  a  program  could,  most  importantly,  incorpo¬ 
rate  adjustments  to  fuel  required  for  forecast  vinds 
aloft.  Quick  access  could  also  be  obtained  for  various 
aircraft  configurations  determined  by  emergencies  such 
as  hydraulic  failures. 
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Appendix  A 
DATA  LOADIRG  PROGRAH 


The  following  is  a  code  listing  of  a  short  prograa  designed 
to  lead  data  in  the  HP-4 1C V  registers.  Indirect  addressing 
is  used  so  that  registers  beyond  R99  can  be  loaded. 

The  prograa  starts  with  R00  and  loads  sequentially  in  an 
interactive  aanner.  Assignment  of  user  labels  is  at  the 
discretion  cf  the  user.  The  second  half  of  the  prograa  can 
be  used  to  read  the  contents  of  designated  registers.  The 
prograa  can  enter  data  starting  with  any  register  by  care¬ 
fully  loading  an  address  into  the  X  register.  Caution  is 
urged  to  prevent  overwriting  old  data  or  entry  of  data  into 

the  wrong  location.  "STO* 

82  8 

83  3T0  88 
04*t,8L  81 
85  *RS* 

06  0RCL  08 

87  PROMPT 

88  STO  INS  08 
09  1 

28  ST*  00 
11  GTO  01 
12*LBL  -RCL- 

13  0 

14  STO  08 
15*LBL  02 

16  FIX  8 

17  -R=- 

18  flRCL  88 

19  PROMPT 
28  FIX  3 

21  RCL  IND  00 

22  STOP 

23  1 

24  ST*  80 

25  GTO  82 

26  END 


140 


Appendix  B 
ADDRESS  BS 

Persons  interested  in  obtaining  clarification  of  details  in 
this  report  or  who  desire  to  pass  on  corrections  can  ase  the 
following  addresses  in  the  tiae  fraaes  indicated. 


July  1982  to  October  198  2 


LCDS  Dennis  R.  Ferrell 
Naval  Postgraduate  School,  SMC 
Monterey,  CA  93940 


1297 


October  1982  to  March/April  1983 

Carrier  Airborne  Early  Warning  Training  squadron 
CNE  HUNDRED  TEN  (RVAWMIO) 

NAS  Siraaar 

San  Diego,  CA  92145 


April  1983  to  Septeaber  1985 


Carrier  Airborne  Early  Warning  Squadron 
ONE  HUNDRED  FIFTEEN  (TAW- 115) 

FPO  San  Francisco  9  6601 
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Appendix  C 
COPIES  TO.. 


The  following  organizations  are  designated  addressees  to  re¬ 


ceive  copies  of  this  report. 


Commanding  Officer 

Carrier  Airborne  Early  Warning  Training  Squadron 
ONE  HONORED  TEN  (RYAWillO) 

NAS  Miramar 

San  Diego,  CA  92145 


Co eianding  Officer 

Carrier  Airborne  Early  Warning  Training  Sqadron 
ONE  HONORED  TWENTY  (RYAW-120) 

NAS  Norfolk 
Norfolk,  YA  23512 


Commanding  Officer 
Carrier  Airborne  Earl 


ONE  HONORED  FIFTEEN  (  _ 
FPO  San  Praacisco  96601 


^Warning  Squadron 


LCDR  John  H.  Logan 

Carrier  Airborne  Early  Warning  Squadron 
ONE  HONORED  TWENTY  SIX  {YAW- 126) 

FPO  New  York,  NY  09501 


Professor  A.  E.  Fuhs 

Department  of  Aeronautical  Engineering 
Naval  Postgraduate  School 
Monterey,  CA  93940 


Fleet  Logistics  Support  squadron  FIFTY  (YRC-50) 

NAS  Cubi  Point 

FPO  San  Francisco  96654 


Fleet  Logistics  Support 
TWENTY  FOOB  (YRC  24 f 
RAF  Sigonella 
FPO  New  York  09523 


Squadron 


He.  Michael  Herskovitz 
Code  6051 

Naval  Air  Development  Canter 
Warminster,  PA  189  74 
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Hr.  Jerry  Lamagna 
Grunaan  Aerospace 
Hail  Stop  C16-25 
South  Oyster  bay  Road 
Bethpage,  NT  11714 


ClPT  J.  E.  Hoch,  Jr. 

Project  Manager  E-2/C-2/ATDS 
PHA  -  231 

Naval  Air  Systeas  coaaand 
Washington,  O.C.  20361 


Coaaander 

Naval  Air  Test  center 
Patuxent  River,  HD  20670 
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BEFE8BN  CSS 


Eender,  R.M.  LT,  USN  The  HP- 41CT  Hand-Held  Calculator 


213.01 
uate  s 


nce“T3visorv  Svsfea 

oor,  T9HT.  - 


SCBIPT  Oser 1 s  Guide.  Waterloo,  Ontario:  Department  of 
CClpa rind  SeTVi dds ,  Dni ver sit  y  of  Waterloo,  1978. 

Herskovitz,  Michael  The  A-7E/HP-4 1C  Pocket-sized  Flight 
Performance  Advisory  27'§tSl“BaTTSIIIS?ef7“PH  N3V51“lfr 
Development  Center,  1 981. 

E-??  NATO  PS  Flight  Manual  NAVAIB  01-E2AAA-1:  OSN,  1977. 

E-2B  NATO  PS  Flight  Manual  NAVAIB  Q1-85WBA-1:  DSN,  1973. 

C-2A  NATO PS  Flight  Manual  NAVAIB  01-85WBB-1:  OSN,  1975. 

Byan.  T. A.,  Joiner,  B.C. .  Ryan,  B.F. ,  Minitab  Reference 

Manual  University  Park.  PA:  Pennsylvania  State  “ 
gfirersity,  19817 


>-mcv 


Full  Performance  Programmable 

/» U  *  "S' JC7ICA  ff  Sf  •• 


9.  HP-4 1CV  Standard  Application  s  Handbook  Corvallis,  OR: 
He¥T3It-PaCxaTa  cofpaTTyT  T9B&7 

11  •  Extended  Functions/ Me nory  Module,  Owner's  Manual 

ccffsilisT  ob:  aeWiett -pffikrr^compiiry 7  t98t: 
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*B  I NGO  *FPA&> 


Suggested  Mask  Label  Scheme 
for  User  Labels 
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INITIAL  DISTRIBUTION  LIST 


NO. 


1.  Defense  Technical  Information  Center 
Cameron  Station 

Alexandria,  VA  22314 

2.  Library,  Code  0142 
Naval  Postgraduate  School 
Monterey,  CA  93940 

3.  Chairman,  Code  67 
Department  of  Aeronautics 
Naval  Postgraduate  School 
Monterey,  CA  93940 

4.  LCDR  Dennis  R.  Ferrell ,  USN 
Naval  Postgraduate  School 
SMC  1297 

Monterey,  CA  93940 

5.  Commanding  Officer 

Carrier  Airborne  Early  Warning  Training  Squadron 
One  Hundred  Ten  (RVAW-110) 

NAS  Miramar 

San  Diego,  CA  92145 

6.  Commanding  Officer 

Carrier  Airborne  Early  Warning  Training  Squadron 
One  Hundred  Twenty  (RVAW-120) 

NAS  Norfolk 
Norfolk,  VA  23512 

7.  Commanding  Officer 

Carrier  Airborne  Early  Warning  Squadron 
One  Hundred  Fifteen  (VAW-115) 

FPO  San  Francisco  96601 

8.  LCDR  John  M.  Logan 

Carrier  Airborne  Early  Warning  Squadron 
One  Hundred  Twenty-Six  (VAW-126) 

FPO  New  York,  NY  09501 

9.  Distinguished  Professor  Allen  E.  Fuhs 
Code  67 Fu 

Department  of  Aeronautics 
Naval  Postgraduate  School 
Monterey,  CA  93940 


COPIES 

2 

2 

1 

10 

1 

1 

1 

1 

1 
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NO.  COPIES 


10.  Fleet  Logistics  Support  Squadron  FIFTY  (VRC-50)  1 

NAS  Cubi  Point 

FPO  San  Francisco  96654 

11.  Fleet  Logistics  Support  Squadron  1 

TWENY  FOUR  (VRC-24) 

NAF  Sigonella 
FPO  New  York  09523 

12.  Mr.  Michael  Herskovitz  1 

Code  6051 

Naval  Air  Development  Center 
Warminster,  PA  18974 

13.  Mr.  Jerry  Lamagna  1 

Grumman  Aerospace 

Mail  Stop  Cl 6-25 
South  Oysterbay  Road 
Bethpage,  NY  11714 

14.  CAPT  J.  E.  Hoch,  Jr.  1 

Project  Manager  E-2/C-2/ATDS 

PMA-231 

Naval  Air  Systems  Command 
Washington,  DC  20361 

1 5 .  Commander  1 

Naval  Air  Test  Center 

Patuxent  River,  MD  20670 
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